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Simulation
Ereignis
- Generierung
- Fragmentation
- Teilchen Zerfalle

Vollstaendige Simulation der
Wechselwirkung und der
Detektoreffekte

Database
CARGO, DDAPP
Detector Geometrie
Kallibration

DELPHI Detector
Subdetektoren
FASTBUS Daten Auslese

ONLINE
Daten Auslese

MC Rohdaten Rohdaten

DELANA
Detektoren TD and TE Baenke
Spurrekonstruktion TK Baenke
Vertex Rekonstruktion TV Baenke
Teilchen Identifikation

DST Data TANAGRA Data

DELGRA
Interaktive Event-
visualisierung

SHORT- und MINI-
DST Produktion

SHORT-DST

XSHORT-DST

Physik
Analyse
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¤�� } �bjX� �Ù¢ Ó� � jg��c�ad~hcnÐN� ~b� � �fc · ��~�ÛoS UVTWYX[Z Ý��Rc�a� e��~bµg�g�e~È��ckjnv_ckj ¢ �e¶d¶dµgc�~hckjg��alcD� Ñ��mc�ad~bckj�BrckjgjXa�~!¦
�eckjÕ�b~h� } ckj�Ó,P�^~��b~b��µ�¸�ad~h ec�¶��Rc�a�~ �e� �h¢ ��¶l�ec�~ } c�~%v_ckj ¢ Ó�e¶d¶lc�~^£�¤�alc�µgc�~C©��Rck ��¨~hc�~ ~È�n�n�e~C�e~h���b¶��tj
�ej } ckjXad~h�h£�ÚÒ~,§�©	�Nª!©\� ¸Nalj } } alc�µ�c ²%ad~h ec�¶_$!vRckj ¢ �e¶�¶dµ����e×R��¶l�e��alc¨ckjgÑk¸��b~b�ec�~^£rÚ�~ �Rc�a } c�~ ¥�jg�e�ejX�e�f¦
�*c�~ ¸	ckj } c�~ } alc¨ckjXµ���c�~ v_ckj ¢ Ó�e¶d¶dc · ���Z�C*�×,zR|z�FÙc�a�~hc�µ*ª!� � �e�bckjXµ*�*al��"¡�t��jXa�� ©\¶lc��fc�~���c�~ ckjXµ���ckj,�j } ~��b~h��ckjXÑkc��h�e�k£ ÐP�b� �i} adc�µ�c�"yck� � � } c�adµ���ad~ } c�~i¥\jg�e�ejX�e�*�*× �t eck��c�~y§�©	�Nª!©	�N«¬¥r­��'&NÚ�Ð � ~ }
��ÿ�ðÒãåäqëîèqø�ÿ�çÕø �����qæ¯ç�þxëíê�ãgò¯ëîçåè
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&N©	°W²�Ú�³ · ckj ¢ Ó�h�e� �tj�£
©\ad~bc�~ �e~ } ckjgc�~ ²�ck� · ckj ¢ ��¶d�e�nÐN°�Ú�ÐP¤�±N©�£�¤��eµ�(b�tjg��$�¤Pad×_��¶�"
� } c�¶d¶�µ�× �e~ ~È��ª���jÕad~h��µ�� Ó�b�X eciÑk¸�a÷¦
µg� � c�~9¥��tjX����~hc�~9�e� ¢ ® } alc } �e~b~C�ec�¶dck�ec�~È�g¶da�� � �e� ¢ µ�× �e¶l��c�~%�b~ } } �t�Rc�a�³�¶d�h��~bc�~ c��nal���galckjgc�~^£�¤Pckj
²�adjg �� ~h��µgÖ��hckjXµg� � ~bal��� } alc�µ�ckjN¥��tjX����~h×bjg� } �h ��gal��~ adµ��"!

h$# O Ü knmt q h&% U�% U� h$'�h)( Û�th£íÜ�Ý
% �	® ' �b~ } ( µgad~ }�} ckj���jX�e~bµ · ckjÕµg�e¶dad�f×��b¶dµk® } adc6°N�t× a } al� Ó�t��Û¯³�¶lc�a�� � �b~h��*�£u�,+eÝ��b~ }�} ckjrÐNÑ�ad���b�g�e¶l¸�ad~!¦ ec�¶ } c�µ	�t�b�ec�µ���jX� � ¶l��c�~ ³�¶d�h��~bµk£�¤Pckj�ad~bal�ga��e¶lc�(b�tjg� } al×R��¶�¸�alj }f} �hjX� ��} �eµ\z^|z�¥��e�tj��eck� ad¶ } ck�k®e¸6c�¶d� � c�µ³�¶d�h��~bc�~Ù�ec�� Ó�tØÙ³�¶dc�ad� � �b~h� th£íÜ¡�t� µ���jX� � ¶d�k£�¤��e~b~ ¢ ��¶d�e��c�ad~bc¨©	�*adµgµgad��~�c�ad~hc�µ�¸6c�ad� � ckjXc�~ ³�¶d�h��~bµ
· ��~�Ñk¸	c�ar� ~b�t� � Ó�e~h��ad�ec�~y¤�al×R��¶lc�~^® } alc]µgad� � Ñk¸�a�µg� � c�~m��� �tjg ��b~ } ³�¶d�h��~��e�bµg� ad¶ } c�~W£ ¤�alcf³�¶d�h��~!¦�t� µ���jX� � ¶d�b~h�*¸Nalj } Ó�b�_ckj } c�~¡��jÕ�e~bµ · ckjXµg�e¶�ad�f× �b¶�µ�� U� �ec�µ���c��bckjg�k®^¸	�e�Rc�a } �eµNckjXµ���cn³�¶d�h��~¡�*al� } c���ej Ó�eØe��c�~1�5U� c��*al���galckjg��¸�alj } £qÐP~h���b¶d�tj��ej } ckjÕad~h�Na�µ�� } � � ckj } aljgck ���ckj ¢ Ó�b¶d¶l�k£¬¤��eµ�¥��tjg����~ µg� � �e�bckjX�f� } c�¶d¶ckjgÑkc��h�e��ad� "¡al����c�¶��fc � j�³�¶d�h��~hc�~
�e¶dµ } �eµP"¡©�- "y� } c�¶d¶â® � �t�P�t�RckjP~��hjN�Rck�ejgc�~hÑk��c*³ Ó�b¶l�gal�e ec�ad�Nad��6ckjgc�ad� �
� �tjg��ckjP³�¶d�h��~b�t� µg��jX� � ¶d�b~b�h£

¹�º¼»^º/. 0�À�¿RÌ21�É Ã�ÁeÄ¼ÉbÀÈÎ	Ã�Ì
ª��e� �e¶ } } adc�ÚÒ�f× � ¶dµ Ó�h�Rckjg��j Ó�t�ec�ad�1¥��tjg����~bµg� � �e�hckjÙµg�9 �¶lc�a�~�¸6ckj } c�~W® } �tØ9×_ckjX�g�h� �t�ga · c "
ck� � �t¦
} c�~ · ckjXµX�t�ec�~^®Nµ�ck��Ñk� } alc?(hjÕ�t���fc�~È�g�t�gad��~�c�ad~W£'( Ó�bj } alc�µ�cm¥ � �eµ�c } ckjy¶d�e~h�ejgc�a�� � ¸	c�al�gad�ec�~�����¤
$
²�c�� � µgc�¶l¸�aljg !�b~h�ec�~���al�b�Wc�µ� ec�ad~hc6�e~b�e¶�*��gadµg� � c�~^®���c } �!� � Ñk¸	c�a��b~���ckjXµg� � alc } ¶dad� � cr× � c�~b���fc�~h��¶l�e��adµX� � c"y� } c�¶d¶dce£q§�©	�Nª!©\�Ù�b~ } ÐP°�ÚÒÐN¤�±P© � · ckjg¸	c�~ } c�~�ª���jÕad~h�
(hjÕ�t���fc�~È�gadckjX�b~h�h®q¸ Ó� � jgc�~ } &N©	°W²�Ú�³ } alcµ��e�ec�~b�e~b~���c]��¶d�bµ���ckj'(hjÕ�t���fc�~È�gadckjX�b~h� · ckjX¸	c�~ } ck�k£
6!�����  �354 ���63!� �� !�����>�b<� 23
¤��eµ�al��ckjX�t�ga · c�ª���jÕad~h� "
� } c�¶d¶�adµ�� } �hjX� �¡} �eµ87:9<;�=�;?>A@B>A; C�"
� } c�¶d¶r` Ü�tHar�f�e�ga · alckjg�k£�v_¸�adµX� � c�~ } c��ad~bal�ga��e¶lc�~���� �tjg H$�ÐP~��gadÖ�� �tjg �×��e�tj�� a�¶ } ck��µXad� � c�ad~ (b�tjg�b×R�e��c�~��gad�e¶fÛ¯ª���jXad~b��ÝBDFE ��³Pc B \ ¢ �i® } �eµ¶dad~hc��tj��*al� } c�� ÐN� µ��g�e~ } ¸ Ó�e� � µ��k£��6c�a6ck�¼¸���´ ¢ � � jXad� � � } ckj*ª���jXa�~h�y�e�bµ�c�a�~b�e~ } ckj�®W� ~ } �e~ } c�~©\~ } c�~,� ad¶ } ck�fµgad� � c�ad~,~bc��hc�µ�z^|z�¥��e�tj�£�¤�alc · ckjg� ¶dc�al�Rc�~ } c�©\~bckjg��alc�¸�adj } Ñk¸�adµg� � c�~ } c�~,�Rc�a } c�~ª���jXad~b�e�bjX�b� � µ�� Ó�b�X ec�~i�e� ¢ �eck��c�a�¶l�k£
¤�alc�µ�c¨�_c�a } c�~�ª�� Ó� �g ec ¢ jÕ�t���fc�~È�gadckjgc�~ } �e~b~Þ� ~b�t� � Ó�e~h��ad�yad~�a � jgc��{ª!� � ¸	ckjX× �b~h ��gµ[*!µ���c��i£�³�c�� Ó�tØ
} ckj
(b�tjX� ¶d� } �b~b�� e�e× ×_c�¶�~i���b�tjg !µ��e~ic�ad~yª���jXa�~h�ec�~ } ce®!¸ Ó� � jXc�~ } ³�¶d�h��~bc�~i�e~iÑk¸	c�a (b�tjg� µg� � ¶ Ó�e�b� � c e�e×b×Rc�¶d~^£�ª!alc ¢ Ó� � jgc�~¡Ñ���c�ad~bc��HG�~bad�g ¡ad~ } c��'Ñk¸�a�µg� � c�~�Ñk¸6c�a\���b�tjX �µ��e� ¢ �ec�µ�× �e~ ~È��c�~Þªh� � ¶d�e� � � £¤�alc6�e~ } c�~*ª���jÕad~h�ec�~ } c�~�ckjgÑkc��h�e��c�~f¥��tjg����~hc�~fµXad~ } Ñ�� ~ Ó�e� � µg� · aljg�g�bc�¶d¶ Û } alc�`P~bµg� � Ó�tj ¢ ckjXc�¶d�t�gal��~�¸�alj }
· ckjX¶lck��Ñk�ÕÝÕ®�  Ó��~b~bc�~��t�_ckj��nal��c�ad~hckj��eck¸�adµgµgc�~�²m� � jXµg� � c�ad~b¶da�� �  ec�al��ad~ } adc]°�c��e¶dal� Ó�t���g�b~ ~hc�¶d~^£R¤�alc�µ�c²m� � jXµg� � c�ad~b¶�ad� �  ec�ad��adµg� } ckj�"¡�eµgµ�c�� �f�eck ec � jg�f×bjX�e×_�ejX�gal��~b�e¶â®�µ�� } �tØ } alc ¥�jg� } �h ��gal��~�µg� � ¸6ckjgckj���b�tjg !µ�ad~ } ckj (hjX�t���*c�~È�g�t�gal��~Þµ��g�tjg ¡�b~È��ckj } j Ó�b�X ���¸�alj } Û�¥\jg� } �h ��gad��~bµ�¸�� � jXµg� � c�ad~b¶da�� �  ec�al��c�~ · ��~�N� ~ } �����b�tjX �µ6µgad~ }  �¶dc�ad~hckj��e¶dµP�"I sKJLJ ÝÕ£h¤�alc���jÕ�e~bµ · ckjXµg�e¶�ad�f× �b¶�µ�c } ckj�µ��]ckjgÑkc��h�e��c�~����b�tjg !µ6µgad~ }���e�hØ · ckjg��c�ad¶d�k£b¤Padc��6jgc�ad��c } alc�µ�ckj	Brckjg��c�ad¶d�b~b���Rck��j Ó�t�e��ck�¼¸��MI!£ t¨³�c B]£hÐN�bµ6�Rc�~b�e� � � �tjX��c�~i¥��tjX����~hc�~

NPO ãXòâæ¯ë þPé�úîðÒê�ðÒèkò¯ð
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Ð�� � ad¶ } � ~h��th£u�<!_ª!��jXad~h�R(hjX�t���*c�~È�galckjÕ�b~h�
¸6ckj } c�~ &P� } jg��~hc�~��eck� ad¶ } ck�k£�( Ó�hj } alc	©	~hckjg��alc��e� ¢ ��c�ad¶��b~h��¸6ckj } c�~ (hjX�t���fc�~��galckjX�b~b��µ ¢ � ~h ��gad��~hc�~ · ckj�¦¸6c�~ } ck�k® } alc	�e~h�eck�Rc�~^®q�*ad��¸6c�¶d� � ckj�²m� � jXµX� � c�ad~ ¶dad� �  ec�al� } ckj�ÐN~���c�ad¶ j } ckjrª!� �*�fc · ��~]©\~bckjg��alc	� ~ }ß���~h��al�g� } ad~b�e¶dad�*× �b¶dµ } c�µ	ª���jXad~b��µ ¢ Ó�hj } alc�¥�jg� } �h ��gal��~�c�ad~hc�µ}&N� } jX��~bµ · ckjg¸6c�~ } ck��¸Nalj } £�( Ó�hj\¶lc�a�� � ��c���b�tjg !µ�¸�alj } c�ad~hc�jXc�¶d�t�ga · ¶lc�ad� � ��c�(hjÕ�t���fc�~È�gadckjX�b~h�h® } alc�ß�`P±N¤ `�� t�a�(hjX�t���fc�~��g�t�gal��~^® · ckjg¸	c�~ } ck�k®� Û j Ý�O Û���~ j Ý dj c �!×�� J��EU	j�
 £ Û�th£ t�Ý
¢ Ó�hj��y� ~ } �����b�tjg !µ · ckjg¸6c�~ } ck�N�*�e~ } alc � Ó�tjX��ckjgc�¥�ck��ckjXµ���~�(hjX�t���fc�~��galckjX�b~b��µ ¢ � ~h ��gad��~?` Üe´�a]!� Û j Ý O �j
� ��~ �j ~ ��'~ j�� s=U £ Û�th£í´�Ý� adµg��c�ad~ ¢ jgc�adckjN¥��tjX�e�fck��ckj�® } ckj��*al��¸6�e� � µ�c�~ } ckj�"¡�eµgµ�c } ckj����b�tjg !µ�¸�adc�� \ �Ev��t� ~ba��*���k®_��� ~ }�
µgad~ }¨¢ jgc�alc�¥��tjX�e�fck��ckjPad� ß�`P±P¤ "y� } c�¶d¶â£
¤�alc (bjX�t���fc�~��galckjX�b~h�n¸�alj } �t�b�eck�bjX��� � c�~^® µ��e���e¶ } �e¶d¶lc�¥��tjg����~hc�~
ad~-&P� } jg��~hc�~i e��~ · ckjg�galckjX�Nµgad~ } £� ��<��+�4���B4;��� 35���� !��������<� �3
¤��eµE"
� } c�¶d¶ } ckj
��¶��bµ���ckjE(hjX�t���*c�~È�galckjÕ�b~h� �RckjX� � �i�e� ¢�} c�� ¥�jXad~bÑ�al× } c�µ����L> 7 9<;,=�; >A@B>"; C#` Ü *ba
} ckj�����¤�® } £ � £_¥��tjg����~bc�~���~ } c�~¡ad�'¥ � �eµ�c�~hjX�e�b� �Rc�~b�e� � � �tjg��c*¥��tjg�g~bckj��*al�Pc�~È���eck�ec�~h�ec�µgck��Ñk��ckj( �tjg� ¶d� } � ~h�h£\¤�alc�µ�c�¥��tjg����~hc�~�� ad¶ } c�~ ��¶d�bµg��ckj�® } alc } �hjX� � "¡�eµgµ�c��b~ } (�¶�� · ���hj �eck ec�~b~hÑkc�a�� � ~hck�µXad~ } ®!�b� } �e~ ~ j Ó�e�b�*¶da�� � adµ��e��jX�e×yad~-&P� } jg��~hc�~iÑ���Ñkckj ¢ �e¶�¶lc�~^£
¤�alc "¡�eµgµ�c�~ · ckjg��c�ad¶d�b~b��c�a�~hÑkc�¶d~hckjy��¶d� µ���ckj¨¶�alck�e���Rc�aN²�ckjg��c�~ �b� ´n³�c B]£�(b�e¶d¶dµ } alcm��¶d� µ���ckj } alc`P~h��¶lc�a�� � �b~h� �

U��� � � d�� |9Û��Ev à | ���v ü Ý U Û�th£ *�Ý
~ ad� � ��ckj ¢ Ó� ¶d¶lc�~^®�¸	�e�Rc�a!�Ev à �b~ } ���v ü } alc�°�� � c��n�eµgµ�c�~ } ckj G���~ µ��gal�g�hc�~���c�~iµgad~ } ®�¸Nalj }¨} ckjP��¶d� µ���ckj
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Ð��b��ad¶ } �b~b��th£ p !R��¶d�bµ���ckj'(hjÕ�t���fc�~È�gadckjX�b~h�
ad~ Ñk¸6c�aN¶dc�ad� � ��ckjgc���¶d�bµ���ckj*�ec�µg× �e¶l��c�~^£6¤Padc¡��¶d�bµg��ckj ¢ jÕ�t���fc�~È�gadckjX�b~h���Rc�~ Ó�e�gal�e�n ec�ad~hc�(bjX�t���fc�~��galc�¦jX�b~h��µ ¢ �b~b ��gal��~W£�¤�� � ckjN¸	ckj } c�~i ec�ad~hc� !ad~hc��*�t�ga�µg� � c�~ B��tjÕad�t� ¶lc�~ � ckjX�e~h�eckÑk�e�ec�~^£

¹�º¼»^º�� ���]¾ .����	��ÁeÀ�¿�
�Â
�¯¿_Á�Ä¯Â�Ã�Ï�É À���É Ã\ÉbÀ�¿_ÁeÂWÀ�
\¿RÀ�¿K1�ÉhÁeÉbÀ

( Ó�hj�ß�©\¥P�t£í´
� ~ } ß�©\¥ p ©\~bckjg��alc�~Þ¸	ckj } c�~�©\jg¸6c�al��ckjX�b~h�ec�~��b~ } "y� } a÷�� ¬�t�gal��~bc�~ } ckjn����¤'³Pc�¦
~hckjX�t���ejgc�~ ckj ¢ �ej } ckjX¶dad� � £�¤Pckj*²%aljg !�b~h��µXÖ��hckjÕµg� � ~ al��� } ckj�v�¥\jg� } �h ��gad��~Þ~ba��*���]�*al��¸��e� � µ�c�~ } ckj©\~hckjX��alc¨�t� Û (�al�h£r´�£ *�Ý��b~ } �e~ } ckjgc¨¥�jg�eÑkc�µXµ�c �eck¸�ad~b~hc�~��e~ �6c } c��h�g�b~h�h£�ÐN����*��]³Pc BHµ�ck��Ñk� } alc²�$�¥��e�tjg× jg� } �h ��gad��~�c�ad~^£�§�c } c�µ�c�a�~hÑkc�¶d~hcf² Ñkckj ¢ Ó�e¶d¶l��v�¦ Ó� � ~b¶dad� � ad~#��c*Ñk¸	c�a����b�tjg !µk®�µg� } �tØ · alckj�®µ��g�t����Ñk¸	c�arÛ��e� ¢�} ckj�v5$�°�c�µ���~b�e~bÑqÝ\a�~bal�gad�e¶lc�¥��tjg����~bc�~ c�~È�gµ���c � c�~^£hv^�hj�ªhad��� ¶d�t�gal��~ } ckj	B�alckj ¢ ckjX�*al��~©\~ } Ñ��bµ�� Ó�e~ } c¨¸��hj } c�~Ù~hc�� �tjg�gal�ecy³Pc�~hckjX�t���ejXc�~ c�~È�½¸�ad�g ec�¶d�f�bÑk¸�£rµg� � ��~Þ�Rc�µ���c � c�~ } c �f� } a÷� Ñ�alckjg�k£©��N��ÐPßWÚÒ��`N° ` Ü$+�®WÜ���a¯®^³�©\±P��ß�©�` Ü���a¯®!&P©\°�² Úg³�®KG ,�°�ÐPß�² ` t$Ib®!t2�Ma��b~ } ¥�­��'&NÚÒÐ µgad~ }
} alc�fc�adµ�� · ckjg¸6c�~ } ck��c�~�"y��~���cy���tjX¶l�¡ªhad��� ¶d�t�gal��~hc�~^® } alcnµ�c��*a�$��e~b�e¶�*��gadµg� � ©�jgc�ad��~badµgµ�c } alc�µ�c�µ��}*�× �bµckjgÑkc��h�ec�~^£�Ú�~�` t p aW��~ } ck��µgad� � c�ad~hc��e� µ ¢ Ó� � jX¶dad� � c�¤�adµ� !�bµgµgal��~ } ckj�c�ad~hÑkc�¶d~bc�~
³Pc�~hckjX�t���ejXc�~
�b~ } µ���¶d¶
� alckj�~ba�� � ��¸	c�al��ckj · ckjg�galc ¢ ��¸6ckj } c�~^£
ÐN¶�¶lc�ad~¡ÐN� µg� � ~bal���
th£u���Rc�µg� � jXalck�Rc�~hc�~�³Pc�~hckjX�t���ejgc�~�¸N�hj } c�~yc�~È�½¸�ad�g ec�¶d�k®R� �'vÞ¤��t��c�~�jXad� � �gal�¨Ñ��
�Rc�µg� � jXc�al�Rc�~^£k¤Padc " Ó�e��¶da�� �  ec�al� } ckj�©��!��jX�t×R��¶d�t�gal��~ } alc�µ�ckjlBr�ej � ckjXµg�t�ec�~�a�~ } c�~��6ckjgc�ad� � � adµ p I I¨³Pc B
���bØ Ó�h�Rckjg×bj Ó� ¢ �	¸	ckj } c�~ ` t p a¯£
¤��tÑ�� � �t�Rc�~
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¸	ckj } c�~ } alc G�jXal��ckjXalc�~�Ñ��hj	��jgc�~ ~��b~b� · ��~¨ª!al��~ �e¶�� ~ } `N~���ckjg�ejX� ~ } ckjg !¶ Ó�tjg�k£�±P�e� � c�ad~hckjr�eckc�al��~bck��c�~ª�c�¶lck ��gal��~��b~ } · ckjXµg� � alc } c�~hc�~8G��ejgjXck ��g�hjXc�~�¸6ckj } c�~ } alc	�ec��fc�µgµ�c�~bc�~]²�aljX ��b~b��µgÖ��bckjXµg� � ~bal����c����e×R�t¦¶l�e��adµg� � ckj�³�j Ó�eØec�~ � adµ����e�ejX�e�*�nalckjg�k£�¤�alc�µ�cN¸	ckj } c�~*�e� ¢^} ckj	���eµga�µ · ��~*�ec��*c�µgµ�c�~hc�~¨��c�a�¶d� � c�~ µ�× �hjgc�~�Rc�µ��gad�*�����b~ } ad~�ÐN� µg� � ~bal��� *�£u��~ Ó� � ckj · �ejg�ec�µ���c�¶�¶l�k£


���� ���gQ	�[T6O_Q	M����T6O��rQ

( Ó�hj } alc�µ�c�ÐNjg�Rc�al�	¸N�hj } c�~ } alc�¤��t��c�~ } ckj�§�� � jXc�� ���e´�®;� ��� *]�b~ } � ���$+ · ckjg¸6c�~ } ck�k£hÚÒ~i���t�Rc�¶d¶lc�´�£u�
adµ�� } �tjg�ec�µg��c�¶d¶l�k®h¸6c�¶d� � c�¤��t��c�~�� *�×Rc�~y�b~ } ©	~hckjg��alc�~i�*ad�6¸6c�¶d� � ckj�ß�� �*ad~h��µgad� Ó�t� · ckjg¸6c�~ } ck��¸N�hj } c�~�b~ } ¸�adc · alc�¶dc � � } jg��~badµX� � c��bÑk¸�£ � � } jg��~badµX� � ~bad� � ��jÕ� } ad�t�ga · c J ©\jgc�al��~badµXµ�c�µ�c�¶lck ��galckjg��¸��hj } c�~^£
¤Pckj�±N�e�fc } c�µ�¤��t��c�~�� *�×���al�b��ÐN� ¢ µg� � ¶d�hØ Ó�h�Rckj } �eµ6¤��t��c�~ ¢ �ejX�*�t�k® } �eµ�§È� � j��b~ }¨} �eµ�µ��e�ec�~b�e~b~���c°�ck×bjX����c�µgµXad~h�h£h¤�alc�c�ad~hÑkc�¶d~hc�~�ª!�b� } ck��ck ����ejgc�~ · ckjg�Rc�µgµgckjX~¨ e��~È�gad~��balckjÕ¶dad� � G��e¶�¶dal�bjX�t�gad��~n�b~ } ª!a����!¦
¶d�t�gal��~bµ } �t��c�~È���e~h ec�~^® µ�� } �tØn¤��t��c�~
�b~ } "y��~���c]���tjÕ¶l� · ��~¡v_c�ad��Ñ��¡v_c�al��~bc��i×bjg�eÑkc�µgµXalckjg��¸6ckj } c�~�b~ } �e¶l× � �t�Rck�gadµg� � �e� ¢ µ���c�al�ec�~ } �eck ec�~b~hÑkc�ad� � ~hck��¸6ckj } c�~^£Nª!�,µgad~ }%} alc�¤��t��c�~ · ��~ � ��� *,ad� (�¦
¥�jg�eÑkc�µXµgad~h� · ckjg¸6c�~ } ck�\¸	�ej } c�~^®e¸ Ó� � jgc�~ }f} alc�¤��t��c�~ } c�µ6§�� � jXc�µ�� ���$+�ad� ¤N¦¼¥\jg�eÑkc�µgµgad~b� · ckj ¢ Ó�h�e� �tjµgad~ } £
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©\ad~bc�³PjX� ~ } · �ejX�e�bµXµ�ck��Ñ��b~h� ¢ Ó�hj¨c�ad~hc
 e�ejgjgck ���c�¤P�t��c�~ �e~b�e¶�*!µ�c�adµ�� } alc�G�c�~ ~È�g~ba�µ } ckj ¤��t��c�~bÖ��b�¬¦
¶dal� Ó�t�k® } alc � �e�b×b�gµ Ó�e� � ¶dad� � · ��~ } ckj	( �b~h ��gal��~bµ�� Ó�b� � �gad�e ec�al� } c�µ	�ec�µg�e����c�~i¤Pck��ck ����ejXµ��Rc�µ��ga��*���\¸�alj } £¤Pc�µgµ�c�~¡ª!�g�t�g�bµ�ÛVG��t× ad��c�¶ p £ p £ *�Ý�¸�adj } ¸ Ó� � jgc�~ }i} ckj�¤��t��c�~b~b� � �fc��e� ¢ �eckÑkc�ad� � ~bck���b~ } Ó�h�Rckjg¸��e� � �k£
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§�� � j ¤P�t��c�~�� *�× ©\~hckjg��adc ß��b�*ad~b��µgal� Ó�t� ÐN~hÑ�� � ¶ � � } jg��~ba�µg� � ckj�©\jgc�al��~ba�µgµ�c
~bad� � ��jX� } ad�t�ga · �e¶d¶lc

� ���e´ ª�& ,�°����e´ ¤ p ��Ü<I¨³Pc B p £ �$+ ×b� sKJ p ��* + I I

� ���e´ ª�& ,�°����e´ ¤ p ��Ü *�³Pc B p £ � * ×b� sKJ ��*�� ´ *$+
� ��� * ª�& ,�°���� * ( p ��*���³Pc B �"I!£ I�Ü*×b� sKJ ÜeÜ p ´e´ p
� ��� * ª�& ,�°���� * ( p �,+ p ³Pc B ��£ ��� ×b�WsKJ p *<I tÈÜ p
� ���$+ ��ª�&�,�°����$+ ¤ p � �eÜ�³Pc B ´eÜ�£ + �*×b�^sKJ �"I��e´ � � *��
� ���$+ ��ª�&�,�°����$+ ¤ p ��Ü<I¨³Pc B Ü�£u�"I ×b�WsKJ p Ü * ����*
� ���$+ ��ª�&�,�°����$+ ¤ p ��Ü *�³Pc B p £ ��� ×b� sKJ � �$+ *���*

���t�Rc�¶d¶dc�´�£u�<!2Brckjg¸6c�~ } ck��c�¤��t��c�~bµ Ó�t��Ñkc
©	ad~����&;�a�µ���c�ad~hc*¶l�e��adµX� � cf`P~È��ckjg��c�a�¶d�b~h� } ckj�¤��t��c�~Ùa�~ "
c�~h�ec�~m�nal����¶lc�ad� � c��i®^¸	� � ¶ } c���~badckjg��c��¤Pck��ck ����ejXµ��g�t�g�bµ�£	¤Pckj¨ª��g�t�g�bµ �Òc } c�µ]c�a�~hÑkc�¶d~hc�~Cª!�b� } ck��ck ����ejXµ]adµg�]a�~ ¤P�t��c�~�� �e~h ec�~ �t�b�ec�¶lck�e�n� ~ } t�e~b~i�t�b�ec ¢ jX�t�e�N¸	ckj } c�~^£
¤��hjÕ� ��} alc	oqprots�ÐP~b~ba � ad¶d�t�gal��~hc�~�� ~ } G���¶�¶dadµgal��~bc�~ } ckj���c�ad¶d� � c�~��nal��³��eµg× �tjg�gal ec�¶d~�ad��ß�©\¥mª���jX� � ¶÷¦jX� � j } ckÑ�ad�nalckjg��µgad� �Ù} adc�vR� � ¶ } ckj�©\¶lck ���jg��~hc�~Þ�b~ } ¥�jX�e����~hc�~Ù e��~��gad~��balckjX¶�ad� � £�ª��e���e¶ }m} alc*ß�©\¥�$"¡�eµg� � ad~hc�~ba�� � �\�fc � j��ec�~��h����c�ad¶d� � c�~]�Rc�ah e��~bµ��g�e~���ckj	©	~hckjg��alc��e� ¢ µg�g�t� ad¶lc�~f��� � ~hc�~n¶dalc ¢ ckjX~] ¬�e~ ~^®¸Nalj }n} alcP¤��t��c�~b~ � � �fc��Rckc�~ } ck�k£!¤��e~b~ ¸�alj }�} ckj�ª�×Rc�ad� � ckjgjXad~h��~hc�� �*al��©\¶lck ���jg��~hc�~ �b~ } ¥���µgal��jX�t¦
~bc�~C�ec ¢ Ó�b¶d¶l�k£�¤�alc�µ�c�µ-( Ó�b¶d¶dc�~ } �e�hckjX��¸6c�~bal�ecÙª��g�b~ } c�~^£	ÐP~bµg� � ¶dalckØec�~ }   Ó��~b~hc�~?�Òc�~b�e� � ß��b�nad~h�t¦
µXal� Ó�t��¸�alc } ckj · alckj�� adµ�Ñk¸ Ó��¶ ¢ ª��g�b~ } c�~i¶d�e~h�MG���¶�¶dadµgal��~bc�~ } �hjX� � �ec ¢ Ó� � jg��¸	ckj } c�~^£b±��ejÕ�*�e¶lckjg¸6c�adµ�c�a�µ��¤�©	ß�¥}&NÚ6ck�¼¸�� �<I�� } alc�µ�ckjNv_c�al��a�� µ��e�ec�~b�e~b~���c�~	��
 9
����
 >A;	������
 >��">��AC�� C����Õ£
¤Pckj�¸�a�� � �gal��µ���c�ª�× �hj } ck��ck ����ej ¢ Ó�hj6¤�©	ß�¥}&NÚ	a�µ�� } alcN��¥��P£!°��b~bµ�® ¢ Ó�hj } alc } alc�µ�ckj�¤Pck��ck ����ej�¸6c�~bal�eckj�e¶�µ������ ¢ �b~h ��gal��~bµ�� Ó� � � �gal�]¸6�tj�® ¸	ckj } c�~iad~ } alc�µgckj�ÐN~b�e¶u*�µ�c�~ ad� � � · ckjg¸6c�~ } ck�k£

 ��� ��Q\VgQ���O��gLPM��]T��fU^LNM � �! "�]Q�U$#ÞU^Q ��%NM � � �_Q

ÚÒ~ } ckj�ÐP~b�e¶�*!µ�c�¸6ckj } c�~*~��hj	ª�× �bjgc�~ · ckjg¸	c�~ } ck�k® } alc�c�ad~bc�°�c�a � c · ��~*ÐP~ ¢ �ej } ckjX� ~h�ec�~�ckj ¢ Ó� ¶d¶lc�~^£t`N�Ñ��y�eck¸ Ó� � jX¶dc�adµ���c�~^® } �tØ �Òc } c���c�a�¶d� � c�~ µ�× �hj � a�~hjgc�ad� � c�~ } �ec�~b�e� · ckjX�fc�µgµ�c�~¡�b~ }i} ck��ck ��galckjX��¸��hj } ce®
¢ �ej } ckjX�\�*�e~n�nad~ } c�~bµg��c�~bµ�c�ad~hc��6ck��c�ad¶�al���b~h� · ��~¨��¥6� � } ckj	Ú�¤ <; "& BP¤ �e~ } ckj	°�ck e��~bµ���jX�b ��gal��~W£
ª!× �hjgc�~��nal�� !¶lc�ad~hc�~yÚ��f×��b¶dµ�c�~i�b~���ckj � �e¶d� } ckjPµ�c�~bµgal�ga · c�~y�6ckjgc�ad� � c } ckjP¤Pck��ck ����ejgc�~^®R¸	ckj } c�~ · ckj�¦¸6�ej ¢ c�~^£���c�ad¶d� � c�~^® } ckjgc�~nª�× �bjgc�~]�*al���ejg�eØec�� (bc � ¶lckj��ec��fc�µXµ�c�~*¸��bj } c�~^®¬¸	ckj } c�~f~bad� � ���t �Ñkck×b�galckjg�k£ÐP¶d¶lc*ª�× �bjg× �tjX�e�fck��ckj�¸6ckj } c�~��RckÑ Ó�h��¶da�� ��} c�µ�~b�e� � G��e¶d¶�al�bjX�t�gal��~ · ckjX�fc�µgµgc�~hc�~�²�c�� � µ�c�¶l¸�aljX ��b~b��µÒ¦×��b~h ����e~b�eck�eck�_c�~W£
`P�Z���b�n�ec��fc�µgµgc�~hc
©\jgc�al��~badµXµ�ciÑ��Cµ�c�¶dck ��galckjXc�~^®�¸6ckj } c�~�ª!× �hjgc�~ ad~,c ����jgc��*c.Br�ejg¸ Ó�tjX�gµ�jXad� � �g�b~b�
· ckjX¸	�ej ¢ c�~^£
¤Pckj�ª!� � ~ al�����e� ¢^} c�~fÚÒ�f× �t ���× �tjX�e�fck��ckj6Ñ��b� ²�c�� � µ�c�¶l¸Naljg !�b~h��µ�× � ~h ��radµg��c�ad~RBrck���]�e� ¢ c�ad~hc��ejg�eØecv^� � ¶ · ��~�ª�× �hjXc�~��e�bµP`N~���ckjg�ejX�b~ } ckjgc�al��~ba�µgµ�c�~^®h¸�adc� e��µg�*adµX� � c*ª���jX� � ¶��b~h�*�b~ } ª���jX� � ¶_$!³��eµx$i� ~ }
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���t�Rc�¶d¶dc�´�£ p !Nª�c�¶dck ��gal��~ · ��~�ª!× �hjgc�~��b~ } ©�jXc�al��~badµgµgc�~ ¢ Ó�hj-� 
 � O���ÜeÜn³�c B]® ��*���³Pc Bf® �,+ p ³Pc B�b~ } � �eÜ�³Pc B�£>��adµ�� } ckjNÚÒ�f× �b¶�µk®=� } ckjP¥���¶d�tjX¸�ad~h ec�¶�Ñ��b�'ª!��jX� � ¶ljg� � j�®�Û��e~b�e¶l�e� �
� ��� � � 	 �RckÑ Ó�h��¶�ad� �� � jX� µ��g�e� � µgcqÝÕ®qÚÒ�f× �t ���µg��c � � ¢ Ó�hj } c�~�ÚÒ�f× �t ���× �tjX�e�fck��ckj�Ñ��b��²�c�� � µ�c�¶l¸�aljX ��b~b��µ�× �b~h ��k®4� 
 � adµ�� } alcÐN~bÑ�� � ¶��ec�¶�� } c�~hckj���c�ad¶�� � c�~^®!� 	�X"	 } alc��ec�µg�e�n����cf©\~bckjg��alc��e¶d¶dckjP��c�ad¶d� � c�~^® ���� V 
 } alc�jgck e��~bµ���jÕ�balckjg��c��c�a�¶d� � c�~bc�~hckjg��alce® � � � � adµ�� } alc*�nad~bad�*�e¶dc]§�ck���bjgc�al��c
Û�ÐN� µg� � ~bal��� *�£u�xÝÕ®�¤ p } alc*a�~mÐ���µg� � ~ al����´�£íÜ�£ p
} c���~badckjg��c�² ²�$�©�jgc�ad��~badµ�¸�� � jXµg� � c�ad~b¶�ad� �  ec�ad�

ª���jX� � ¶�$È²m�e~ } $�©�jXc�al��~badµgµgce£
¤�alc ©	~hckjg��alc �ec�¶�� } c�~hckj ª!× �hjgc�~ ¸Nalj } �b~���ckj } ckj ÐP~b~b� � �fc } ckj ¥	al��~b�*�eµgµgc · ��~ ��� O
I!£u��Ü�� *¨³�c B ` tÈ´�a��e� µ } c��<Ú��f×��b¶dµ*�Rckjgc�� � ~hck�k£�±Nc��h��jX�e¶lc���c�a�¶d� � c�~�¸6ckj } c�~%�e¶dµ �*�eµgµgc�¶l��µ �e~h�ec�¦
~h���*�fc�~W£
ª�× �hjXc�~�~hc��h��jX�e¶dckj�® } £ � £��b~b�eµXµ��eÑ�alckjg��ckjN� } ckjPjgck e��~bµg��jX�balckjg��ckjx® c�¶lck ���jg���*�t��~hck�ga�µg� � ckj���¶��bµ���ckj A ¸6ckj�¦
} c�~��t �Ñkck×b�gadckjg�k®	¸6c�~b~ } alc�µ�c
c�ad~hcy©	~hckjg��alc · ��~ �fc � j��e¶dµ ´<I I�"
c B � ~ } ¸6c�~bal�eckj �e¶dµ��"I I¨³Pc B
� �t�Rc�~^£H&P� } jg��~badµX� � c�~bc��h��jX�e¶lcP��¶d�bµ���ckj -�¸6ckj } c�~��e¶dµ\~hc��b��jX�e¶lcNª�× �bjgc�~fa } c�~��ga÷� Ñ�alckjX���b~ } jgck e��~bµg��jX�!¦alckjg�k® ¢ �e¶d¶dµ } alc��ec��fc�µXµ�c�~hc]©\~hckjg��adc�ad~ } c�� µ�c�~bµgad�ga · c�~��6ckjgc�ad� �
} c�µ1&PÐ�� ¶dadck�e�k®bÑk¸�adµg� � c�~ �t£ I¨³Pc B
�b~ } �"I I!£ I ³Pc B]£
&N� } jg��~badµg� � cÞ©\jgc�al��~ba�µgµ�c�¸6ckj } c�~ } �hjX� ��} alcÙa�~����t�_c�¶�¶lcÞ´�£ p �ec�¶dadµ���ck��c ª�× �hjXµX� � ~bad����cmµ�c�¶lck ��galckjg�k£(�al�h£6´�£ *mÑkc�al�e� } c�~C²�adjg �� ~h��µgÖ��hckjXµg� � ~bal���*oxproes u � ad~,ÐN� � Ó�e~b��al�e ec�al� } ckj¨©\~hckjX��alce£\¤Pckj ¢ Ó�hj
} alc · �ejX¶dalck�ec�~ } c�ÐP~b�e¶�*!µ�c]ad~È��ckjXc�µgµg�e~���c*ªhal��~b�e¶l¸�adjg �� ~h��µgÖ��hckjXµg� � ~bal����Û>� zR|zeÝN~bad�*���N�nal�N¸��e� � µ�c�~!¦
��ãÕû¬ì a���� ç�äqð½æ9� Y��i�
N ãÕû¬ì a�R��
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} ckj�©\~hckjX��alc�ad�*�fckj�¸6c�al��ckjN�t��®h¸ Ó� � jgc�~ } �e~ } ckjgc�¥\jg�eÑkc�µgµ�c��e~y�	c } c��h�g�b~h�f�eck¸�a�~b~hc�~^£
¤Pckj�ª!� � ~bal���P�e� ¢�} alc��*ad~bad�n�e¶lc�ÐN~bÑ�� � ¶��ec�¶�� } c�~hckj�ª�× �hjXc�~yad~yc�ad~hc��H©�jgc�al��~ adµ��b~���ckj } j Ó�b�g ���c�ad~bc�~�ejX�eØec�~���c�ad¶ } ckj6©�jgc�al��~ adµgµ�c · ��~��e�_c�~*�ec�~b�e~b~���c�~��C*�×Rc�~^£��6c�a�©\~hckjg��adc�~f�e�Rckj � �e¶l� } ckj�v-"¡�eµgµ�cNa�µ��
} alcr�ec�¶d� } c�~hc	"
� ¶l�gal× ¶dadÑ�al� Ó�t� ¢ Ó�hj � � } jg��~ba�µg� � c�©\jgc�al��~ba�µgµ�c�µ��e���tj�µ�� � �!� � ® } �tØ � � } jg��~badµX� � Ñkckj ¢ �e¶d¶lc�~ } c
� $�©\jgc�al��~ba�µgµ�c�� adµ��e� ¢ c�ad~hc�~i~ ad� � ��µgal��~ a÷�  t�e~È��c�~ �6c�al��jX�t� · ckjg¸	�ej ¢ c�~i¸6ckj } c�~W£
`P�8���h���ec��fc�µgµ�c�~hc�©�jgc�al��~ adµgµ�c]Ñ��m�e~b�e¶u*�µgadckjgc�~^®^¸�alj } c�a�~hcfÑkc�~È��jÕ�e¶lcnß��t�ec��ec ¢ �ej } ckjg�k£�¤Pckj�¥���¶d�tjg¦¸Nad~h ec�¶ } ckj¨µ��e�ec�~b�e~b~���c�~%� � jX� µ��g�e� � µgc�Ñkc�al�e� �b~h�ec ¢ Ó� � j } adcyÐN� µ�jXad� � �g�b~b� } c�µn©\jgc�al��~ba�µgµ�c�µk£�ÐP� ¢ ¦�ejÕ�b~ }¡} ckj�µg� � ¶dc�� � ��ckjgc�~mÐN �Ñkck×b�g�e~bÑ]a�� Br�ejX¸ Ó�tjg�gµ��Rckjgc�ad� ��} c�µ�¤Pck��ck ����ejXµ�®^¸	ckj } c�~
× jXad� Ó�tj�©�jgc�ad�t¦~ adµgµ�c��e�bµg�eck¸ Ó� � ¶l�k® } alc�ad� vRc�~È��jX�e¶d�_ckjXc�ad� � ¶�alck�ec�~^£bÚÒ~ } adc�µ�c�� �6ckjgc�ad� � µga�~ } �e�b� � ~hc��h��jÕ�e¶lc�ª�× �bjgc�~
���b� · ckjX�fc�µgµ�c�~W£hÚ�� Br�ejX¸ Ó�tjg�gµ��Rckjgc�ad� � adµ�� } alc�°�ck e��~bµ���jX�h ��gal��~ ¢ Ó�hj�~hc��b��jX�e¶lc�ª�× �hjXc�~��eckjÕad~h�eckj�£h°��¬¦
} ad�t�ga · c�©�jgc�al��~ adµgµ�ce®bv_¸6c�al× � �e����~hckjXc�al��~badµgµgce®!ª���jX� � ¶_$!³��eµx$��b~ } ª���jÕ� � ¶_$È²m�e~ } $�©\jgc�al��~ba�µgµ�c�Ñkc�a�� � ~hc�~µXad� � ~b�t� Ó�hjX¶da�� � ckjg¸6c�adµ�c } �bjX� � c�ad~hc��eckjXa�~h�ec��ec�µ�c � c�~bc � ©\~bckjg��alc��e�bµk£_¤�� � ckjN¸6ckj } c�~ � alckj
"¡ad~ } c�µ��Ò¦�e~ ¢ �ej } ckjX�b~h�f�e~ } adc�©\~hckjg��adcP�ec�¶�� } c�~hckjN� ~ } �ec�¶d� } c�~hckjN× ¶d�bµ�~hc��h��jÕ�e¶lckj���c�ad¶d� � c�~ �ec�µ���c�¶d¶l�k£
¤�alcPad~¨���t�Rc�¶d¶lcP´�£ p ¢ Ó�hj } alc · ckjXµX� � alc } c�~hc�~ ©\~hckjg��adc�~*Ñ��bµg�e�n�fc�~h�ec ¢ �tØe��c�~yª�c�¶lck ��gal��~bµ� �jXal��ckjXadc�~f¸	ckjg¦
} c�~iad� (h��¶l�ec�~ } c�~��e¶dµNª!�g�e~ } �tj } µX� � ~bad����cP�RckÑkc�ad� � ~hck�k£

�rº ��º¼» � É ÅtÅtÎ\Ã\Ì Ï�ÉbÀ�É���É���Á�Ä  �É Ã���ÆÈÇ
	 ÉbÀ�
6Î\Ã���ÁeÉ Ã\ÉbÀ�Ì�Ä¼É
°N� } ad�t�ga · c�©�jXc�al��~badµgµgcyÑkc�ad� � ~hc�~%µgad� � } �bjX� � c�ad~hc¡�b~�� �e¶d�e~b�kalckjX��c¡©	~hckjg��alc · ckjg��c�a�¶d�b~h���e�bµk® } �Þa�~!¦
ad�gad�e¶lcN�6jgc��nµgµ���jX� � ¶d× � �e����~hc�~ � �e�h×b�gµ Ó�e� � ¶da�� � �b~ } ck��ck ��galckjg� !��e� � c�~��g¶d�e~h� } c�µ�ª���jÕ� � ¶ljg� � jÕµ�c��*al�gadckjg�¸6ckj } c�~W£hÚ�~iÐN�b� ad¶ } �b~h�]´�£u��adµ���c�a�~ jX� } ad�t�ga · c�µ � � } jg��~ba�µg� � c�µ�©\jgc�al��~ba�µ } �tjg�ec�µ���c�¶d¶d�k£

Ð��b��ad¶ } �b~b��´�£u�<!5&P� } jg��~ adµg� � c�µ�jX� } ad�t�ga · c�µ�©�jgc�al��~ adµ��Rc�a�� t$I�³Pc BFÛ�°N�b~ I$*�t p ����©�jgc�al��~ adµ�I I$*���Ü$+eÝ
QÒäqëîð
��û¬ê�ê�ð�äqð�æ2Ybè¬ð�æ¯øÕëîðÒè�ãÕúîúîð�æ�ã���\Òð �xò¯ëîð�æâò¯ðÒè�� �¬ûqæ¯ð�è�Zeð \�ðÒëîñ½ôqè¬ð�ò�ê�ãÕèPãÕúîìWøåðÒìâð�ô¬ðÒèqð�Y èqð�æ¯øåëîð



t * ���������
	���� � 	���� � � �
��� � ��� � � 	 �2	�� ��� ��� � ����� ��� � � � � 	��������
	 �

"
�e~ ¢ �ej } ckjg�*ad~b~hckj � �e¶l� } ckj*c �!×_ckjÕad�fc�~���c�¶d¶6Ñ��h� Ó�e~h��¶dad� � c�~C³Pc�~b�e� al�e ec�al�*ÚÒ�f× �b¶�µ�ckj � �e¶l�g� ~h� } �bjX� �c�ad~hc�~
ªh� � ~bad�����e� ¢ � � � � �� ®b¸6�e�Rc�a
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©\µ�adµ���� Ó�e��¶�ad� � ® } �tØyc�ad~bc�µ�� } ckj��Rc�a } c*a�~bal�gad�e¶lcR(hckjÕ�*al��~hc�~ · �ej } ckj�ÐN~ ~ba � ad¶��t�gal��~�¥ � �e����~hc�~Þ�t�h¦
µ���jX� � ¶dc�~^£b¤�alc�µ�c�~�¥\jg�eÑkckØn~hc�~b~����*�e~��6jgc��nµgµ���jX� � ¶��b~h��Û�Ú�ªh°���ÝÕ£
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ÐN�b� a�¶ } �b~h�]´�£ p ! Úgª!°�¥\jg�eÑkc�µgµ
,P�Rckj � �e¶l� } ckj�v5$�°�c�µ���~b�e~bÑ*¸�alj }�} ckj�²�aljX ��b~b��µgÖ��bckjXµg� � ~bal��� ¢ Ó�hj�oqprots,�*al��¸��e� � µgc�~ } ckj�©	~hckjg��alc �¶dc�ad~hckjiÛ�Ð��b��ad¶ } �b~b�
´�£ *�ÝÕ£�¤�� � ckj ¢ Ó� � jg��c�ad~ ©�jgc�al��~ adµ��Rc�a } �hjX� � Úgª!° jgc } �hÑ�alckjg��ckjnª!� � ¸6ckjg× �b~b ��Ò¦c�~hckjg��alci¸�� � jXµX� � c�ad~ ¶dad� � ckj�Ñ��hj�v5$�¥�jg� } �h ��gal��~^®��e¶dµ]c�ad~hc ÐP~b~ba � a�¶d�t�gal��~m� � ~hc��6jgc��*µgµ���jÕ� � ¶d�b~h��ad�
ÐN~ ¢ �e~h��µgÑ��bµ��g�e~ } £�¤P�eµ ¢ Ó� � jg� } �tÑ��W® } �tØ�c�ad~ ³Pjg�eØe��c�ad¶ } ckj��ec��fc�µXµ�c�~hc�~ oxprots
uZv \ w�u{z^|z�¥\jg�eÑkc�µÒ¦
µ�c�c�ad~hc } �bjX� � ¥ � �e����~b�t� µ���jÕ� � ¶d�b~h��jgc } �bÑ�alckjg��c�ª!� � ¸6ckjg× �b~h ���c�~hckjg��adc � �t�_c�~W£�¤�alc "
c�µgµg�b~b�ec�~iµgad~ }
· ��~ } c�~yµ��e�ec�~ �e~b~È��c�~¡jX� } ad�t�ga · c�jXck�g�hjX~�c · c�~��gµ } ���*ad~ alckjg�k® } ckj "yc�~b�ec��e~¡©�jgc�ad��~badµgµ�c�~W® } alc�~b�e� �Ú�ªh° c�ad~hc�ÐP~b~ba � ad¶d�t�gal��~ µ�c�~hckjg��alcNad~i�b~b�*ad����c�¶l� �tjgckj�± Ó� � c } ckjPv5$�°�c�µ���~b�e~bÑ � �t�Rc�~^£
"
ad� } c��.¥\jg�e�ejX�e�*�*× �t eck� ª!¥	°�Ú�"
©[µ���¶d¶ } alc
ª!� � ¸6ckjg× �b~b ���c�~hckjX��alcy~b�e� � ÐN� µ���jX� � ¶��b~h�mµ���¶d� � ckj¥ � �e����~bc�~i�Rc�µ��gad�*����¸	ckj } c�~^®b�b� µg�fÚ�ª!°�$�©�jgc�ad��~badµgµ�c�Ñ���a } c�~È�gal� Ñ�alckjgc�~^£

�-�%���
� �������4���.0�:;32�43! �� �� ���  � �= �3 ���%<��+�4�5 &
`N� ad~bal�gad�e¶dc�¥ � �e����~hc�~mad�8¤Pck��ck ����ej�Ñ��Ùa } c�~��ga÷� Ñ�alckjgc�~W®_~��h��Ñk���*�e~ } alcfµ��g�tjg ec*²%ad~h ec�¶d�t� � Ó�e~h��al�t¦ ec�al� } ckj�¥�jg� } �h ��gal��~bµg¸6� � jÕµg� � c�a�~b¶dad� �  ec�al�r�e�bµk£�Ú�~¨jgc�¶��t�ga · a�µ��gadµg� � c�� °�ck��ad�fc�¸�alj } �6jgc��*µgµ���jÕ� � ¶d�b~h�
¢ �eµg�]�e� µgµg� � ¶dalckØ�¶dad� � ad~ ª���jX� � ¶ljXad� � �g�b~b��c��*al�galckjX�#` t *ba¯£�B�alc�¶lc¨Ú�ª!° ¥ � �e����~hc�~ · ckjXµg� � ¸�a�~ } c�~ } � � ckj�b~ } ck��ck ��galckjg��ad��ª���jÕ� � ¶ljg� � jx£�©��½¸6�)�"I��'¸	ckj } c�~��t�_ckj��b~���ckj�µ���¶d� � c�~�²%ad~h ec�¶d~��t�b�ec�µ���jÕ� � ¶l�k® } �tØµgalc�ad~ } c�~-Br�ejg¸ Ó�tjg�gµg ¬�e¶l�ejÕad�fck��ckjX~i�ec��*c�µgµ�c�~�¸6ckj } c�~   Ó��~b~hc�~W£
`N� � Ó�e��¶dad� � c�G��e~ } a } �t��c�~ · ��~n�e~ } ckjgc�~f¥ � �e����~hc�~f�b~���ckjXµg� � c�a } c�~]Ñ��]  Ó��~b~hc�~^®t¸6ckj } c�~]c�ad~bc�°�c�a � c
· ��~5G�jÕal��ckjXalc�~ Ó�h�Rckjg×bj Ó� ¢ �k£WvR�b~ Ó�e� � µ���¸6ckj } c�~Ù©\~hckjg��adc�µg� � �e�bckj�Ñ��m©	~hckjg��alc��k¶d� µ���ckjX~�Ñ��bµg�e�n�fc�~h�ec�¦
¢ �tØe�k®�¸	c�~ ~�µgalc�~ Ó� � ckjN�e¶dµ�´��PÑ��bµg�e�n�fc�~b¶dalck�ec�~W£�ª���¶d� � c�ª!� � �e�bckj�µgad~ } Úgª!° G��e~ } a } �t��c�~W®

� ¸6c�~b~�µgadc��fc � j��e¶dµ��"I�³Pc B ©	~hckjg��alc � �t�Rc�~
� ¸6c�~b~ } ckjNÐ�� µg�g�e~ } Ñ��i�ec�¶d� } c�~hc�~
ª�× �bjgc�~ �*al���fc � jN�e¶dµ ��³Pc B �ej Ó�eØeckjN�e¶dµ�I!£íÜ]jX� } adµg�
��õ½è¬ë ò¯ëíãÕú���ò¼ãXò¯ð�ï�ãÕäqëíãXò¯ëîçåè
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¤��e�*ad����~ } ck���*�e~�adµ���¶dadckjg��c � �!� � c�~bckjg�eck�gadµg� � ce®�~bc��h��jX�e¶lc¨��c�ad¶�� � c�~^® } alc��nal� � � � ckj�²m� � jXµX� � c�ad~h¦¶�ad� �  ec�ad���6jgc��nµgµ���jX� � ¶d× � �e����~hc�~iµga�~ } £

� 3�� 35��3 3!��� 8�:;����� � ��� ���)<� 23 &���� 0�:;32��35 ;�� ;�>� 35���
ÐP�bµ6©\~hckjX��alckckj � �e¶l�g� ~h��µ��ej Ó�b~ } c�~*adµ�� } alc · ck ����ejXadc�¶d¶lc�ª!�b�*�fc } ckj��ec��fc�µgµ�c�~bc�~iª!× �hjXad�*× �b¶dµ�c�ad~ ~hckj�¦
� �e¶l� } ckj�c �!×_ckjÕad�fc�~���c�¶d¶lc�~ "yc�µXµ��ec�~b�e�bal�e ec�ad��±N� ¶d¶â£ (hc � ¶lckj � � ¢ ��c�"
c�µgµg� ~h�ec�~�ad��Br�ejg¸ Ó�tjX�gµ��Rckjgc�ad� �
· ��~n¤P©	ß�¥C&�Úå®e� } ckj�±�c��h��jÕad~h��µk® } alc�ad�n�fckj��b~ } ck��ck ��galckjg��� ¶dc�al�Rc�~^®¬µXad~ }]} �t�Rc�a�(hc � ¶lckjXÖ��hc�¶d¶dc�~^£¬¤Pc�~!¦~b��� � ��al�b� } alc�³Pck���fck��jXadc�c�ad~hc�µ�� *�× adµg� � c�~�Úgª!°r$�©\jgc�al��~ba�µgµ�c�µ��fc�adµg��ÐN� ¢ µg� � ¶d�hØ Ó�h�Rckj } adc�°�ad� � �g�b~b�
} c�µ��t�b�ec�µ���jÕ� � ¶l��c�~]¥ � �e����~ µk® } c�~ ~ } alc ¢ c � ¶dc�~ } c�©\~bckjg��alc\¸Nalj } ad~ } ckj����e×R��¶l�e��alc6�b~ } ©	~hckjg��alck� a�¶d�e~hÑ
} c�µ�©�jgc�ad��~badµgµ�c�µ�µga�� � ��� �tj�£
²%alcya�~ G��t× al��c�¶�Ü�£ p ckjg !¶ Ó�tjg�k® � �t�Rc�~C����¤'$��tjX�gal�ec
©\jgc�al��~badµXµ�c c�ad~hc ��ck�g�tjg�gal�ec�ª!��jX�h ��g�hj�£�`P�Z�e� ¢
} alc*× �tjg����~ adµg� � c�~ ª�×��hjgc�~ÙµX� � ¶dadckØec�~ÙÑ��Þ  Ó��~ ~hc�~^®�¸	ckj } c�~ } � � ckj } adc*�ec��fc�µgµ�c�~bc�~ &N� } jX��~hc�~Þ�nal�
c�a�~hc��D�eckc�al��~hck��c�~n��¶d� µ���ckjX�e¶l�e�ejXad� � ��� µ	` t)+�ah× ¶��bµ (�al�r�b~���ckjr©\~hckjg��adc�¦^� ~ } ÚÒ�f× � ¶dµ�ckj � �e¶d�g�b~h��ad~f§eck�gµ�ejÕ�h×b× alckjX�k£t¤��t�Rc�ab¸6ckj } c�~��b~���ckj	�6c�~��b��Ñ��b~h��c�a�~hc�µ�~b�t� Ó�hjÕ¶dad� � c�~fÐN��! Ó��µ�ck× �tjX�e�fck��ckj6Ñk¸6c�aâ® } jXc�ah� } ckj
· alckj�§�ck�gµ��eck� ad¶ } ck�k£b¤Pckj�ÐN� ! Ó��µ�ck× �tjX�e�*ck��ckjNadµ���c�a�~hc�Ð���µ��g�e~ } µg�*ck��jXal nÑk¸Nadµg� � c�~ Ñk¸	c�a���c�ad¶�� � c�~^£
�6c�ad� �k¶d�bµ���ckjX~iÛ�µgadc � c��e�b� � Ð���µg� � ~ al����*�£u�xÝ�¸	ckj } c�~ } alcrB�alckjgckjXa��f× �b¶dµgc\Ñk¸6c�alckj\~b� � c�Ñ�� µg�e�*�fc�~b¶�alc�¦�ec�~ } ckjr��c�ad¶�� � c�~�� }b} alckjX���b~ } µ��PÑ���c�ad~hc�� ~hc��hc�~�¥\µgc�� } �e��c�ad¶d� � c�~�jgck e����� ad~balckjX�k£q¤�alc�µ�ckj�°�ck e����� al¦~ �t�gal��~bµ�×bjX�eÑkckØ�¸�alj } al��ckjXalckjX����adµ� ec�ad~hc } ckj · ckjg��¶lc�al�Rc�~ } c�~�¥\µ�c�� } �e��c�ad¶d� � c�~f~ Ó� � ckjrÑ��bµX�e�*�fc�~b¶dadck�ec�~�e¶�µ^c�ad~��Rc�µ��gad�n����ckjW²�ckjX��ad~ } ckjW�eck¸ Ó� � ¶l��c�~�Ð���µ��g�e~ } µg~b�ejX�i£�`P~È��ckj�ÐN~b~ � � �fc\�*�eµXµ�c�¶l��µ�ckj�§�ck�gµ�� ~ }c�a�~hckj�¥ � �e����~hjÕad� � �g�b~h�iad~
Ñf ¬�e~ ~¡~��b~��*al��©	~hckjg��alcM$��b~ } ÚÒ�f× �b¶�µ�ckj � �e¶l�g� ~h� } ckj�~ba�� � �x$È�ec��fc�µgµ�c�~hc¥ � �e����~bad�*× �b¶dµ\�_c�µg�gad�*���	¸6ckj } c�~^£!�6c�a } alc�µ�ckj�"
ck� � � } c�¸�alj } c�ad~#BPalckjX× �tjX�e�fck��ckj����6�Rc�~ Ó�e�gad�e�k® } ckja�~�µ�c�¶l��c�~hc�~�( Ó�e¶d¶lc�~y~ ad� � �� e��~ · ckjg��alckjg�P� } ckjN�b~h× � *!µgal t�e¶dadµg� � c�©�jg�eck� ~ adµgµ�c�¶dadc ¢ ckjg�k£�`N~b�t� � Ó�e~h��al� } �¬¦
· ��~ ¸Nalj } c�a�~hcP°�ck e������ad~b�t�gal��~ ad�[¤�`N°P&NÐ1"{ªh� � c��*� } �bjX� � �ec ¢ Ó� � jX�k®È� adµ6�e¶d¶lc���c�ad¶d� � c�~¨a�~n�ec�~b�e�
Ñk¸6c�a�§�ck�gµ�c�~�� � �e¶l��c�~yµXad~ } £h¤�alc G�a�~hc��*�t�gal  · ckjgc�ad~ ¢ �e� � �Nµga�� ��} � } �hjX� � �e� ¢ c�a�~��e~b�e¶�*��gadµg� � ¶ Ó��µ�� �tjXc�µ¥\jg�e� ¶lc�� !
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( Ó�hj�a�~i×R��µgal�ga · ckj�ÑM$�°Nad� � �g�b~h�n�t� �ec�µ���jX� � ¶l��c�¥ � �e����~hc�~y��ad¶l�"!
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 � O p �	� V � �

( Ó�hj�a�~�~hck���t�ga · ckjNÑM$�°�ad� � �g�b~b�n�t�b�ec�µ���jX� � ¶l��c�¥ � �e����~hc�~i��ad¶l�"!
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¸	�e�Rc�a k ��� } ckj�²%ad~h ec�¶\Ñk¸�adµg� � c�~ } c�~mÑk¸6c�a\c�~��gµ�×bjgc�� � c�~ } �eck ec�~b~hÑkc�ad� � ~hck��c�~ §eck�gµ�adµ��k£;� � adµg� } ckj¥���¶d�tjg¸�ad~b ec�¶ } ckjN§eck�gµ�®=�	� V � � a�µ�� } alc�ª���jX� � ¶lc�~hckjg��alce£h¤��tjX�e�bµ�¸�alj }
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�Rckjgc�� � ~bck�k®�¸6�e�Rc�a 
 � � } adc�c �Rck ��ga · c�ªh� � ¸	ckjg×��b~h ���c�~hckjg��alc¨~b�e� � ¥ � �e����~b�t� µ���jX� � ¶d�b~h�¡adµ��k£�w �� adµ��
} ckj'Brck ����ej�® } ckj · ���Fß��t�_�ejg¦\ad~bµ�°�� � c�µ[*!µ���c�� ��jX�e~bµ ¢ �ejX�*adckjg�k£

�-� � �535�
	n�� ����>���4��� � �4<����4���
¤�alc�©�jg�eck��~badµgµ�c��e�bµ��_c�a } c�~�"yck� � � } c�~f¸6ckj } c�~ · ckjg��¶dad� � c�~f�b~ } �b~���ckj\�6ckj Ó�b�X �µXad� � �gal���b~h� } ckj6���b�¬¦¶dal� Ó�t� } ckjN©\ad~hÑkc�¶��fc�µgµg�b~b�ec�~�Ñ���c�ad~hckj'Br�ej � ckjXµg�t�ec } ckj�Ú�ª!°�©\~hckjX��alc · ckjX�tjg�Rc�al��ck�k£
²�c�~b~
c�ad~
¥ � �e����~¡ad�F¤Pck��ck ����ej��ec��fc�µgµ�c�~
¸��hj } ce®b¸�alj }y} alc�¥	¶d�e~b�tjXad� Ó�t� Ó�h�Rckjg×bj Ó� ¢ �k£b©	ad~�©�jXc�al��~badµ
¸�alj } a��Z²�c�al��ckjgc�~��e¶dµn× ¶d�e~b�tj*�RckÑkc�ad� � ~hck�k®�¸6c�~b~ k J U | k U � | k J ��
 Ü�tÈ´�����ad¶l�k£\¤�alc�c �Rck ��ga · cª!� � ¸6ckjg× �b~h ���c�~hckjg��adc�× ¶d�e~ �tjgckj�©�jXc�al��~badµgµgc�¸�alj } ¸�alc��e�Rc�~
�_c�µX� � jXadck�_c�~��_ckjXc�� � ~hck�k£_Ð�×�¶d�e~b�tjgc�©�j�¦c�al��~badµXµ�cN�*ad�	c�ad~bc�� �ec��fc�µXµ�c�~hc�~ ¥ � �e����~ ¸6ckj } c�~¨�e¶dµ } �e×b×Rc�¶l����jX� } ad�t�ga ·  !¶d�eµgµXa÷� Ñ�alckjg�k£�¤PadcP©	~hckjg��alc
} c�µ¨Ñk¸	c�ad��c�~9¥ � �e����~bµ¨¸�adj } � ~È��ckjiÐP~b~b� � �fc
c�ad~hc�µ�w U ¥���¶d�tjg¸�a�~h ec�¶N� ~È��ckj � �e¶l� } ckj¨ÐN �Ñkck× �g�e~hÑ
�e�bµ��eckjgc�� � ~hck�k£
²�c�~b~ } alc�Ñ��h�ec � Ó�ejXad�ec�~¡³�¶lc�a�� � �b~h��µgµ[*!µ���c��fc�~bad� � ���ec�¶ Ó��µg��¸	ckj } c�~i  Ó��~b~hc�~^® } alc (�al��×bjg�eÑkc } �bj�~bad� � � e��~ · ckjX��alckjg��� } ckj��b~h× � *�µXal ¬�e¶�adµg� � c�©�jX�eck� ~badµgµgc*¶dalc ¢ ckjg�k®^¸�alj }�} �eµ�©�jgc�ad��~badµ · ckjg¸6�ej ¢ c�~^®W� } ckj�® ¢ �e¶d¶dµc�ad~�¥ � �e����~�ad�Fª!��Ú�� �ec ¢ �b~ } c�~�¸��hj } ce® } c�µXµ�c�~�©\~bckjg��alc��e�bµ��ec�¶dc�µ�c�~^£

��� �%���� � <; "& � <����3��4<� 23
Ú�~�ÐN�b� a�¶ } �b~h� ´�£íÜiµgalc � ���*�e~ } adc]ÐP~hÑ�� � ¶ } ckj��ec��fc�µgµ�c�~hc�~Þ©�jgc�ad��~badµgµ�c�×bjg�i©	~hckjg��alc�ad~���ckj · �e¶d¶�� ����e¶dµ�¥	�b~h ���c��b~ }y} alc Br�ej � ckjXµg�t�ec�~ } ckjN~ba�� � ��jX� } ad�t�ga · c�~y�b~ } jX� } ad�t�ga · c�~¡ª!ad���b¶d�t�gal��~hc�~i�e¶�µ
&Padµ����t¦
�ejX�e�*�fce£�¤Padc'"y��~���cP���tjX¶d��Brckjg��c�ad¶d�b~b�ec�~fµgad~ } �e� ¢R} alc�¤��t��c�~b¶d�b�nad~h��µgal� Ó�t�r~h�ejÕ�*alckjg�k£H"¡�e~fckjg ec�~b~��
¢ Ó�bj� ec�ad~hc¨ªh� � ¸	ckjg×��b~h ���c�~hckjg��alcnµXal��~ba÷�  t�e~���c*`N~���ckjXµg� � alc } c*Ñk¸Nadµg� � c�~Ù¤��t��c�~Þ� ~ } � � ck�ejÕalce£W¤�alc�µ�c"yck� � � } cickjXjgc�ad� � �*c�ad~bc } c��h�g¶dad� � ci��jgc�~ ~��b~b�
Ñk¸�a�µg� � c�~ } c�� � � � c�~ ÐP~È��c�a�¶��e~ jX� } ad�t�ga · cijgck�g�hjX~
c · c�~È�gµP�b~ }i} c�~i~bad� � ��jX� } ad�t�ga · c�~i©�jXc�al��~badµgµgc�~^£
� R�Z¬ì�òâæ¼ãXô¬úîû¬èqø�ðÒëîè¬ð�ì2\��RðÒë ò¯ðÒè��¬ûqètäqð½ò¯ð �kò¯ëíð½æâò¯ðÒè�� �bô¬çÕò¯çÕè¬ì
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ÚÒ~�ÐN�b� a�¶ } �b~h��´�£í´Nµgad~ } ©��nÑ�alc�~bÑkc�~�Û��bÝW�b~ } °�c�a�~ � c�al��c�~nÛ �^Ý ¢ Ó�hj��ec�~hckjÕalckjg��c	©\jgc�al��~ba�µgµ�c��Rc�a · ckjXµX� � alc�¦
} c�~hc�~y©	~hckjg��alc�~ } �tjg�ec�µ���c�¶�¶l�k£�¤�alc�°�c�ad~ � c�al����adµ�� } ckjNjgc�¶��t�ga · c�ÐP~È��c�a�¶�~ba�� � ��jX� } a��t�ga · ckjP©\jgc�al��~ba�µgµ�ca�~ } c�~*µ�c�¶lck ��galckjg��c�~n©�jgc�al��~ adµgµ�c�~^£e¤�alc�© �_ck ��ga · al� Ó�t���]�Rc�µg� � jgc�al�b� } c�~*ÐP~���c�ad¶ } ckj� e�ejXjgck ��6�e¶dµ�~ba�� � �x$jÕ� } ad�t�ga ·  �¶d�eµXµga÷� Ñ�alckjX��c�~¨©\jgc�al��~ba�µgµ�c !

� O � �������� � 
 � 	 � � � �� � � 
 � 	 � � � � Ûâ´�£ *�Ý

� O � �������� � 
 � 	 � � � �� ���	���
Ûâ´�£ +eÝ

± a�µ�� } alc�ÐN~hÑ�� � ¶ } ckjP©�jgc�al��~ adµgµ�c } ckjP�e�Rc�~��ec�~b�e~ ~È��c�~ G�¶d�eµgµgc�~^®b¸6�e�_c�a�c�ad~y©\jgc�al��~ba�µ��e¶dµ�jÕ� } ad�t�ga ·�RckÑkc�ad� � ~hck��¸�adj } ®!¸	c�~ ~ic�µ��fc � jN�e¶dµ �"I�³Pc B ad� ÐP~ ¢ �e~b��µ�Ñ��bµ��g�e~ } �t��µ���jX� � ¶l�k£
"¡�e~fµgalc � �rad~ } c�~]Ð�� � ad¶ } � ~h�ec�~�´�£í´Pc�ad~bc�~�µg�g�tjg ec�~*ÐN� ¢ �e¶�¶ } ckj�©��nÑ�alc�~hÑ ¢ Ó�hj\ª!� � ~ al����c��e� ¢ ª!¥	°�Ú�"
©
�e�Rckj � �e¶l���<I�� } ckjfª!� � ¸6ckjg× �b~h ���c�~hckjg��adce£W¤Padcn°�c�ad~ � c�al��µ���c�al�e��ad~ } c�� �ec�µg�e����c�~��6ckjgc�ad� � ¶da�~hc��tj
�e~W£l( Ó�bj } alcf©�jgc�ad��~badµgµ�c�¶dck ��gal��~¡� adck��ck��µgad� ��} � � ckj�c�ad~ Brck���
a��8�	ckjXc�ad� � Ñk¸Nadµg� � c�~��<I��'�b~ } �<I��
} ckjPª!� � ¸6ckjg× �b~h ���c�~hckjg��adc��e~W£
`P� } alc¨vR� · ckjÕ¶ Ó�eµgµgal�e ec�ad� } c�µ�ÐN¶l�e�ejÕal� � ���bµ�Ñ�� Ó�h�Rckjg×bj Ó� ¢ c�~^®_¸�alj } ad~ÙÐN�b� ad¶ } �b~h�i´�£ t } ckj�jgc�¶d�t�ga · c`P~���ckjXµg� � alc } Ñk¸�adµg� � c�~ } ckj��ec�~bckjXalckjg��c�~�c �Rck ��ga · c�~nªh� � ¸	ckjg×��b~h ���c�~hckjg��alc�Û 
 � � Û��ec�~�ÝXÝW�b~ } ª!¥	°�Ú�"
©
Û 
 � � Û�jgck bÝ�ÝÕ®

Û 
 � � Û�jgck bÝ�~ 
 � � Û��ec�~�ÝXÝ \ 
 � � Û��ec�~�Ý
} �tjg�ec�µ���c�¶d¶l�k£�¤�alcmÐP��! Ó��µX�b~h� adµ�� ¢ Ó�hji�e¶d¶lc�©\~hckjX��alc�~%�Rc�µgµ�ckj��e¶dµy´*³�c B]£�¤�alc�µ�ckjyÐP¶l�e�ejXal� � ���bµia�µ��
¢ Ó�hj�©\jgc�al��~badµXµ�c�ad~ } ckj�°�ck��al��~ } ckj�ÐP~b~ba � ad¶d�t�gal��~ µ�c�~hckjg��alcN�Rc�µ���~ } ckjXµ�Ñ�� · ckjX¶ Ó�eµgµgad�fÚ�~ } c�~y°�ck��al��~hc�~
Ñk¸Nadµg� � c�~ } c�~ �Rc�a } c�~ "
���had�*�fa�µ�� } alc�ÐN� ! Ó��µg�b~h�
��c } ��� �  !¶lc�ad~hckj�£�( Ó�hj } adc�µ�c�ÐN~b�e¶u*�µ�c�µga�~ } µ���¶d� � c©\jgc�al��~ba�µgµ�c��e¶d¶lckj } ad~h��µ6~bad� � � · ��~��6c } c��b�g�b~h�h£
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©	ad~hc ¢ Ó�hj } adc�µ�cPÐP~b�e¶�*!µ�cP�Rc�µ���~ } ckjXµ	¸�ad� � �gad�ec�G�¶d�eµgµ�c��e~ `N~���ckjg�ejX�b~ } ckjgc�al��~ba�µgµ�c�~nµXad~ } BPalckj ¢ ckjX�nal��~©	~ } Ñ��bµg� Ó�e~ } ce£ ¤�alc�µ�c]©�jXc�al��~badµgµgc � �t�Rc�~�c�ad~bc · alckj ��ck�g�tjg�gal�ec����e×R��¶l�e��alc��b~ } µXad~ }�� � } jg��~badµg� � c�~¡v5$
©\jgc�al��~ba�µgµ�c�~�µ�c � j Ó� � ~ ¶dad� � £b©\ad~hc ¢ Ó�bj } alc�ÐN~b�e¶u*�µ�c · ��~�©�jgc�al��~ adµ ¢ �ejX� · �tjXad�t��¶lc�~ �eckc�al��~hck��c�B��tjXad�t��¶lc
Ñ��bjP��jgc�~b~��b~h� } ckj��_c�a } c�~bG�¶��eµgµ�c�~¡adµ�� � � � ��£_¤�alc�µ�c�B��tjXa��t� ¶lc � �t�N�eck�ec�~ Ó�b�_ckj��e~ } ckjgc�~
¤�adµg �jXa��*a÷¦
~ �t���ejgc�~ } c�~?Br�ejg��c�ad¶â® } �tØy~��bj�c�ad~hc�&Nc��*adµ�× � ckjgc]c�ad~h�ec � ���b~ }�} � � ckj�c�ad~�� Ó�e��¶dad� � ckj�©\a�~�!��hØ �e� ¢
} ckj��e~ } ckjgc�~�©\jgc�al��~ba�µ � Ó�e¶ ¢ ��cP~ � � ckÑ����b~���ckj } j Ó� �g ���¸	ckj } c�~i ¬�e~ ~^£hÐ��b��ad¶ } �b~b��´�£ +]Ñkc�ad�e� } alc��ec��fc�µÒ¦µgc�~hc�~^®È�b~b e�ejgjXal��alckjX��c�~n¤��t��c�~ · ckjX��c�ad¶d�b~h�ec�~ ¢ Ó�hj } adc�µ�c'B��tjXad�t��¶lce® } �tÑ�� } c�~ � � } jg��~badµX� � c�~*� ~ } µ�c��na÷¦¶dck×b����~badµg� � c�~�²�²�$�`P~È��ckjX�ejX�b~ } �e¶�µ�µg� � jX� �nckjg��c�(�¶ Ó�e� � c�~Ù� ~ }�} alc · ��~Ù¥�­��
&�ÚÒÐ · �ej � ckjg�ec�µg�t�e��c"
��~���cM$!���tjX¶l�y©\jg¸��tjg�g�b~h�i�e¶dµ�ß�ad~balce£R¤�alc*µgad���b¶dalckjX��c�~
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DATA 161GeV

Pythia qqbar plus WW

Pythia WW

Pythia WW semileptonisch
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DATA 172GeV

Pythia qqbar plus WW

Pythia WW

Pythia WW semileptonisch
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DATA 184GeV

Pythia qqbar plus WW

Pythia WW

Pythia WW semileptonisch
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��e¶d¶lc���adµ�e� ¢_} adcNª!� � ~ al����c��e� ¢ � � � � �b~ } ¤ p �e~h�eck¸6�e~ } �k£È¤�alc�ad~n³�¶lc�ad� � �b~h��´�£u���P�*al��; 9<; � �	�N�eck ec�~b~bÑkc�ad� � ¦~bck��c�~-Brckjg��c�ad¶d� ~h�ec�~i�Rc�ad~ � �e¶d��c�~¨�e� µgµg� � ¶dalckØ�¶dad� � ©�jgc�al��~ adµgµ�c��*al��¸6c�~bal�eckjN�e¶dµ ��³Pc B Ú�ª!°�£
`P~���ckj } ckj'Br�ejÕ�e�bµgµ�ck��Ñ��b~b� · ckjX~b�e� � ¶ Ó�eµgµXal�e� �tj� !¶lc�ad~hckj'"¡al�ejX�t�gad��~ } ckj�©	ad~È��j Ó�t�ec�Ñk¸�adµg� � c�~ · ckjXµX� � alc�¦
} c�~hc�~�Ú�~���ckj · �e¶d¶lc�~�adµg� } alc�µ�cMG��ejgjXck ��g�hj�Ñ�� ¶ Ó�eµgµgal�i�b~ } �e� ¢ Brckjg¸6c�~ } � ~h�i�e� ¢ ¸6c�~ } ad�eckj "
�t��jXa��� e�ej�¦
jXck ��g�hjXc�~�` ´ p ar�nal�P±Pad� � �x$�¤�ad�t�e��~b�e¶dc�¶lc��fc�~���c�~� ¬�e~ ~ · ckjXÑ�ad� � ��ck��¸6ckj } c�~^£R¤��eµ�adµ����Rc�a � a�~hjgc�ad� � c�~ }�ejX�eØec�~mÚÒ~È��ckj · �e¶d¶lc�~W®^¸�alcfµgalc*ad~ } alc�µ�ckj�ÐP~b�e¶�*!µ�cf�eck¸ Ó� � ¶d��¸��hj } c�~W®_�eck¸ Ó� � jX¶lc�adµg��ck�k£;z � 
 
 µ�ck��Ñk��µgad� ��e� µ¨�*c � jgckjgc�~�G����f×R��~hc�~���c�~�Ñ��bµg�e�*�fc�~W® } ckj¨²�² G��ejgjgck ��g�hj�® } ckj Ú�ª!° G��ejXjgck ��g�bj � ~ } } ckj¤Pck��ck ����ejg e�ejgjgck ��g�hj�£9z 	�	 �Rc�µg� � jgc�al�b� } alc Brckj Ó�e~ } ckjX�b~h� } ckj'Brckjg��c�ad¶d� ~h�ec�~ } �hjÕ� � ª!� � ~bal����c��eck�ec�~
} c�~�² ² `N~���ckjg�ejX� ~ } ® z�� ��� adµ�� } alc[G��ejXjgck ��g�bj��eck�ec�~ } c�~�jX� } ad�t�ga · c�~�ÐP~È��c�ad¶ra��H�e� µ��eck¸ Ó� � ¶l��c�~¤��t��c�~b�n�t��ckjXad�e¶ � ~ } z � V 	 a�µ�� } alc�a�~ · ckjXµgc�¤Nck��ck ����ejX�t �Ñkck×b�g�e~hÑe£bÐP¶d¶lc'(b�t ����ejgc�~¨� Ó�bµgµgc�~*�b~b�t� � Ó�e~h��al�
· ��~bc�ad~b�e~ } ckj� !¶lc�ad~iµgc�ad~^£
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ÚÒ� ³Pck�ec�~bµg�t��Ñ Ñ�� µ��g�t�gadµ��ga�µg� � c�~�(hc � ¶dckjX~^®�� ~È��ckj } c�~hc�~�©�jg�eck��~badµgµ�c��b� c�a�~hc�~�v_c�~���jX�e¶l¸6ckjg� !��h �¦
�g� alckjgc�~^® · ckj Ó�e~ } ckjX~¨�fckØe��c�� � ~badµg� � c��b~ } �t× �tjX�t�ga · c (hc � ¶lckjÕÖ��hc�¶�¶lc�~n©\jg�eck� ~badµXµ�c�µ[*!µ���c��*�t�gadµX� � £�(b�e¶d¶�µµXad� � · ckjÕµg� � adc } c�~hc�µ[*!µ���c��*�t�ga�µg� � cP(hc � ¶lckj	�eck�ec�~hc�ad~b�e~ } ckj\�t� µg� � ¸ Ó�e� � c�~¨µgad~ } µgalcN�e~È�gal e�ejXjgc�¶dalckjg�k®��e~h¦
} ckjX~ ¢ �e¶d¶dµ�µ�×bjXa�� � ���n�e~ · ��~�c�ad~bckj�×R��µgal�ga · c�~ G��ejgjXc�¶d�t�gal��~^£

� �=����������3! &��>�.698�:� ;��� ���
¤��hjÕ� � c�ad~hcÙª�c�¶dck ��gal��~� t�e~b~9�*�e~�c�ad~hcÙ³Pck¸Nad� � �g�b~h� �Rc�µ��gad�n����ckji���e×_��¶d�e��alc�~��¡~balc · ckjX�fc�a } c�~^®
} �e�*al��¸	ckj } c�~ } alc�©\jg�eck� ~ba�µgµ�cC�Òc } ��� � · ckj ¢ Ó�e¶dµg� � �k£�¤��eµ
Brckj � �e¶l��c�~y�_c�a B��tjÕad�t�gal��~�µ���¶�� � ckjPªh� � ~bad����c��ad�b��ÐN� ¢ µg� � ¶d�hØ Ó�h�Rckj } c�~ Ñ��b�ec � Ó�ejXal�ec�~
µ[*�µg��c��*�t�gadµg� � c�~E(hc � ¶dckj�£

��� � �n<�� �	�6¤��eµ*ÐN� µ�c�~h ec�~ } ckj*�*���!a��*�e¶6Ñ��b¶ Ó�eµgµgad�ec�~ ª!× �hjXad�*× �b¶dµ�c��e� ¢ *<I�³�c B · ckjX�*ad~ } ckjg�
} c�~�ÐP~È��c�a�¶^�e~.(hc � ¶��fc�µgµg�b~b�ec�~

��� � ��� � � ���2���=���%�4����� ¤��hjX� �y} alc Brckj } �e×b×Rc�¶d� ~h� } ckj�Ú��f×��t ���× �tjÕ�e�fck��ckjg�ej Ó�eØec�~yckj � Ó� � ��µgad� �
} ckj�ÐP~È��c�a�¶��e~y��c�ad¶d� � c�~��e�bµNµ�ck !�b~ } Ó�tjgc�~ ²�c�� � µ�c�¶l¸Naljg !�b~h�ec�~^£_³�¶lc�ad� � Ñkc�al�gal�f¸�alj } �t�_ckjP�e�b� �

�Òëîê �¬çåúîøÕðÒètäxðÒè���������øåð�ètãÕèqèkò
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} ckjNÐN~���c�ad¶W�e~
ª!× �hjgc�~^® } adc�~ ad� � � } aljXck ����e�bµNvRckj ¢ Ó�e¶�¶lc�~iµ��g�e�*�fc�~y�e~h�eckjgc�ad� � ckjg�k£

� 6 ��<;��� �  �5����� 8b:; ���� �	�]¤��eµ¡ÐP~ � ck�Rc�~D�e� ¢ p ´��Ù�Rck¸�aljg ��k® } �tØ%¸6c�~bal�eckjmª�× �hjgc�~��e�bµ } c��Br�ejg¸ Ó�tjg�gµ��Rckjgc�ad� � �t �Ñkck×b�gadckjg�*¸6ckj } c�~ �b~ }�} � � ckjf�Rc�µgµgckj · ckjX�fc�µgµ�c�~bc
ª�× �hjgc�~�ad~ } adc¨ÐP~b�¬¦
¶�*!µ�c]c�ad~h�ec � c�~^£_¤��eµ��ec � ���e¶d¶lckj } ad~h��µN�e� ¢ G���µg��c�~ } ckj�Ð� �Ñkck×b�g�e~hÑe£W¤��eµ�³�¶lc�ad� � c���ad¶d� ¢ Ó�hj } alcB��tjXa��t�gal��~ } c�µPª!� � ~ al����c�µ��e� ¢�} alc�ß��t�ec } ckj�� � jÕ�bµ��g�e� � µ�c��e� ¢ ©�jgc�al��~ adµ�ck�Rc�~hce£

� �� ;�>� 35��� 	;�=���= ;8H� ��¤Padc-B��tjXad�t�gal��~ } adc�µ�ckj�ª!� � ~bal����c ckj � Ó� � �f� } ckjfjgc } �hÑ�alckjX� } c�~ ÐN~���c�ad¶��e~
`P~È��ckjX�ejX�b~ } ckjXc�al��~badµgµgc�~^£b©\µNadµ���Ñ��y�_c��e� � ��c�~W® } �tØ � alckj�jXc�µ���jXal ��ga · ckjgc�ªh� � ~bad����c��e�b� � �Rc } c��!¦��c�~^® } �tØn©�jXc�al��~badµgµgc��nal� · alc�¶�~hc��h��jX�e¶lckj�©	~hckjg��alc · ckjX¸	�ej ¢ c�~i¸6ckj } c�~^£

� �  �H�=:�� 3=����� &;�� ;�>� 6 ��<;���� 
� &PalckjX�nal�iµ���c��hckjg���*�e~ } alc�Ð� �Ñkck×b�g�e~hÑÙ¶dck×b����~badµg� � ckji�b~ }µ�c��nad¶lck×b����~ba�µg� � ckj�G��e~ Ó�e¶dce® } adc�ad�HÐP¶d¶l�ec��fc�ad~bc�~
~badc } jXal�eckjgc�ÐN~bÑ�� � ¶��ec�¶d� } c�~hckj�ª�× �bjgc�~
�e� ¢ ¦¸6c�adµ�c�~^®��e¶dµ � � } jg��~ adµg� � c�©�jgc�al��~ adµgµ�ce£

��� � ��<���� 	��=���= 8%�.<; "&����}� � �����5� 698b:�� ��� �n<� � �4�� ;�>� 35��� �_°�c�µ���jXal ��ga · ckjgc�ª!� � ~bal����c · ��~ ����b~ } ��¶lc�ad� � Ñkc�al�gal� � � � � � · ckjgjXad~b�eckjX~ } c�~
ÐN~���c�ad¶��e~
�t �Ñkck×b�galckjg��c�~W®�~bad� � �NjX� } ad�t�ga · c�~y©�jXc�al��~badµÒ¦
µ�c�~W®b�Rc · �ejgÑ��h�ec�~��t�Rckj
"
c � j ��ck�����e×R��¶l�e��alc�~��*ad���ej Ó�eØeckjgckj�²%ad� � �g�b~b�

� 
��  ;� ���=����� �>� 	��������4� � Ð��)��*���³�c B��Rck��ad~ ~È� } alc�²�$�¥��e�tjg×bjg� } �h ��gal��~^£�( Ó�hj } alc�µ�cNÐP~b�e¶�*!µ�cadµg� } ckj�ÐN~���c�ad¶ } alc�µ�ckj�©\jgc�al��~ba�µ� �¶��eµgµ�c�µg�¨�eckjÕad~h� ¸�alcf� Ó�e��¶da�� � Ñ�� � �e¶l��c�~W£R¤��hjÕ� � ßW�!�g eckjÕ�b~h�
} c�µ�ª!� � ~bal����c�µW�e� ¢ c�ad~bcrc�~È�gµ�× jgc�� � c�~ } c\¤�adµ� �jXad�*a�~b�e~hÑ · �tjXad�t� ¶lc�¸�alj } Ñk¸��tj } alc�BrckjX�b~hjXc�ad~bal���b~b��ej Ó�eØeckjx® } alc�� ~h�eck¸	��¶�¶l��c BrckjXµg� � �*alckjÕ�b~h��ad��B�alckj ��ck���Rckjgc�ad� ��� � } jg��~ba�µg� � ckj�v5$!v_ckj ¢ Ó�e¶d¶lc } c��h�g¶�ad� �jgc } �hÑ�alckjg�k£	ª����nal�]ckjg¸6�tjX��ck�n�*�e~ c�ad~bc-Brckjg�ej Ó�eØeckjX�b~b� } c�µ*µ��g�t�ga�µ��gadµg� � c�~�(hc � ¶dckjXµk®r�Rc�a6c�ad~hckj��¶lc�a�� � Ñkc�al�gad�ec�~�°�c } �b ��gal��~ } c�µ�µ[*!µ���c��*�t�gadµX� � c�~E(bc � ¶lckjXµk£

¤�alc��*���had�*�e¶dc B��tjXad�t�gal��~
ad~ } c�~���ck¸	c�ad¶�al�ec�~�©\~ } ckjg�eck� ~ba�µgµ�c�~i�b~���ckjN�e��al�ec�~¡ª!� � ~bal����c�~
adµ���a�~ } c��µ[*!µ�� � V 	 (bc � ¶lckj�Ñ��bµX�e�*�fc�~h�ec ¢ �tØe�k£
Ð�� � ad¶ } � ~h�*´�£ �*Ñkc�al�e� } alc��_c�a } c�~i�ec�~hckjXadckjg��c�~�����¤
$�,P� µ�ckj · �t� ¶lc�~
� � jX� µ����b~ } ��� · �ej��b~ } ~b�e� �ª!� � ~bal����c�~Ù�e� ¢ � � � � £;"¡�e~ÙckjX ec�~b~È�k® } �tØ } alcDBrckjg��c�a�¶d�b~h�ec�~��b~���ckj } c�~ ª!� � ~bal����c�~m¸6c�al��c�µ����ec � c�~ }�b~��_ckj Ó� � jg�6� ¶lc�al�Rc�~^£

���� ���< � &n< ��8�:@698�:� �� �4�4��35�)35�� �  ;�������=��� ������� � �+�4���=:;� <� 23�<; "&%o p o s u ���
°�� } a��t�ga · c�©\jgc�al��~ba�µgµ�c�� ~ } B�alckj ¢ ckjX�*al��~¡©\~ } Ñ��bµ�� Ó�e~ } c�¸6ckj } c�~ } �hjX� �¡} alc]ª!� � ~bal����c��eck�ec�~ ��� �b~ }
� � � � �b~���ckj } j Ó�b�X ��k£e¤��t�Rc�ahµgad~ } µ[*!µ���c��*�t�ga�µg� � c�© �_ck ���c�ad~ } c�~]©\jg�eck� ~badµXµ�c�~]ad� v_¸	c�a �Òck���Rckjgc�ad� � Û�µ
	 Ý
�b~ } ad� B�alckj ��ck���Rckjgc�ad� � Û�²�²9Ý	~bad� � � · ckjX�fc�a } � �tj�£�¤Padc�µ�cP© �_ck ���cP¸	ckj } c�~ } � � �¨} alc�G��ejgjgck ��g�hj ¢ �t È¦���ejgc�~ z 	 	 �b~ } z��l��
�Û¯³�¶lc�ad� � �b~b��´�£u���xÝ��e�bµ��eck��¶da�� � c�~^£��6c�a } c�� Ó�bµgµ�c�~]�b~ �t� � Ó�e~h��al� · ��~hc�ad~ �e~ } ckj �¶dc�ad~ µ�c�ad~^® } c�~b~ µgalc�µga�~ } �*al�g�b~���ckj��e~È�gal e�ejXjgc�¶dalckjg�k® } £ � £!a�~ } ckj�ªh�b�*�fc�  Ó��~b~È��c�c�a�~� !¶lc�ad~bckjr(bc � ¶lckjÑk¸	c�a��ejg�eØece®��t�Rckj�c�~����eck�ec�~È¸Naljg ec�~ } c G��ejgjgck ��g�hjgc�~ · ckjX�_ckjX�ec�~^£
¤�alcnª!� � ~ al����c�¸N�hj } c�~¡�b~b�t� � Ó�e~h��al� · ��~bc�ad~b�e~ } ckj�µ�� · �tjXadalckjg�k® } �tØ } alc]°�c�a�~ � c�al� } ckj��t �Ñkck×b�gadckjg��c�~©�jgc�ad��~badµgµ�cfÛ¯³�¶lc�a�� � �b~h�n´�£ *�Ý6ckjXµg���b� ck�¼¸��.�"I�� · ckjX �¶lc�a�~hckjg� } �e~b~i�b� p � · ckjg�ej Ó�eØeckjg�N¸��hj } ce£!¤�alc�*���had�*�e¶lc1Brckj Ó�e~ } ckjÕ�b~h� } c�µ�©�jg�eck� ~ adµgµ�c�µ	�ec � ���e¶dµ�µ[*!µ�� � � ad~ } alc��	ckjXc�� � ~��b~h� } c�µ6���e�g�e¶lc�~-(hc � ¶lckjXµc�ad~^£
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� � �H� �;�4�= � �=35�����
� ��< ���� 
¤�alc�G��ejgjgck ��g�hj ¢ �t ����ejgc�~ z � Û¯³�¶lc�ad� � �b~h�]´�£u���xÝr¸6ckj } c�~¨�*al�	µ�c � j � � � ckj�ª!�g�t�gadµ��gal ]�Rckjgc�� � ~hck�k£�¤Pckjgc�~µg�g�t�gadµ��gadµg� � cP(bc � ¶lckj�µgad~ }n} � � ckj · ckjX~b�e� � ¶ Ó�eµgµgal�e���tj	 !¶lc�ad~^£�¤PadcNµ[*!µ���c��*�t�gadµX� � c�~ (hc � ¶dckj } adc�µ�ckj	( �t ����t¦jXc�~yµ���¶d¶ � alckjN�nal���"I�� } ckjNÐN��¸6c�ad� � �b~b� · ��~����t�b�ec�µg� � Ó�t��Ñk��¸	ckj } c�~�` ´eÜ�a¯£_¤Pckj1(hc � ¶lckj } ckj���ck¸	c�ad¶�µ�ej Ó�eØe��c�~ G��ejgjgck ��g�hj'z � ¸�alj } �e¶dµ�µ[*!µ�� � 
 
 ad~ } c�~����e�g�e¶lc�~-(hc � ¶lckj��*ad�6�e� ¢ �ec�~h���*�*c�~^£&G��ejgjgc�¶d�t�gal��~bc�~Ñk¸Nadµg� � c�~ } c�~ · ckjXµg� � alc } c�~hc�~�(b�t ����ejgc�~�z 	�	 �sz � V 	 �b~ } z�� ��� µgad~ } ~��hj]�*al���b~ · ckj � Ó�e¶l�g~badµX� Ó�tØ�al��ejX�eØec��?°�c�� � c�~ �e� ¢ ¸��e~ } Ñ��h� Ó�e~h��¶da�� � £�¤P� � ckj�¸Nalj }m� adckj } ckj��ej Ó�eØe��ci©\ad~hÑkc�¶ ¢ c � ¶dckj��e¶dµf³Pc�µg�e���g�t È¦Ñkck× �g�e~hÑk e�ejgjgck ��g�hj ¢ c � ¶lckj��e~b�ec�µ�c � c�~^£
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� �4�	&�<;��8�: �4<�	 ����� � ��� �!���E !���>� 3=�b<; "& �=3=�����
� ��<;�
¤�alc�ª!�h� ��jX�t ��gad��~ } c�µ · ckjX� ¶lc�al�Rc�~ } c�~�² ²�$�`P~È��ckjg�ejÕ�b~ } c�µ�¸�adj } Ñk¸��tj\�*al�n"
��~È��cN���tjÕ¶l��ªhad��� ¶d�t�gal�t¦
~bc�~��Rckjgc�� � ~hck�k®���c } �!� � adµ�� } adc�³�jX�b~ } �ec�µX�e��� � c�ad� } �t�_c�aRµ��]�ejg�eØh® } �tØ*µ��g�t�gadµ��ga�µg� � c�(�¶d�h ��g�b�t�gal��~bc�~
· ckjÕ~b�e� � ¶ Ó�eµgµgal�e� �tj� �¶lc�a�~¨µXad~ } £h�6c�a } ckj�±N�ejX�*adckjX�b~h�]�ec � � } alc�²�$>"
�eµXµ�c��b~ }i} alc�ß�� �*ad~h��µgad� Ó�t� } ckj¤��t��c�~fc�a�~^£e�	c�a } c�³Pj Ó�eØec�~*µga�~ }�¢ c � ¶lckjX�_c � � ¢ ��ck�k£e¤�alc��*���had�*�e¶lcrBrckj Ó�e~ } ckjX�b~h� · ��~f©�jX�eck� ~badµgµgc�~�� ~!¦��ckjCB��tjXad�t�gal��~ · ��~ � 	�	 ad~b~hckj � �e¶l� } c�µgµ�c�~ (hc � ¶lckjÕµ�¸�alj } ad��(h��¶l�ec�~ } c�~n�e¶dµ\µ[*�µg� ��� 	 � VoX �RckÑkc�ad� � ~bck�k£

� � �H� �;�4�= �%<; ��4��8b: ����:;��� ���� ��  &���� �-�>�4� � �43=� �4� �)<;��������3! 
¤Pckjiª��g�e~ } �tj } �ec�~hckjX�t���ej�¥�­��
&�ÚÒÐ · ckjX¸	c�~ } ck� } �eµ¨ªh��°�ÚÒ±�³P$>(hjX�t���fc�~��galckjX�b~b��µg�f� } c�¶d¶â®r�b� } alc&P� } jg��~ adµgalckjX� ~h��µ�× � �eµgc } ckj	~bad� � ��×Rckjg�g�h���t�ga · c�~�����¤%Ñ���µgad���b¶dalckjXc�~^®�&N©	°W²�Ú�³ } �t�eck�ec�~ · ckjX¸	c�~!¦
} ck� } � ¢ Ó�hj } alc���ß�`�ª!��©	°r$>(hjÕ�t���fc�~È�gadckjX�b~h�h£�Brckjg¸6c�~ } ck���*�e~ &P©\°W²�Úg³D�e~yª���c�¶d¶lc · ��~i¥r­��'&�ÚÒÐ
¢ Ó�hj } alc�G��ejgjgck ��g�hj } ckj¨©\jg�eck� ~badµXµ�ce®\ t�e~b~��*�e~ } alc¡ª��g�t��ad¶dal� Ó�t� } ckj¨ÐN �Ñkck×b�g�e~hÑk e�ejgjgck ��g�hji�eck�ec�~
· ckjÕµg� � adc } c�~hc &P� } jg��~badµXalckjX�b~h��µX�f� } c�¶d¶lc��t� µX� � Ó�t��Ñkc�~^£
¤��eµCBrckj � Ó�e¶l�g~ adµ } ckjCBr�ej � ckjXµX�t�ec�~�Û�¥�­��
&�ÚÒÐ � V�� «�&P©\°�² Úg³ � V � Ý�adµ���c�ad~bcP(b�b~b ��gal��~ } ckj9��ck¸6c�ad¶dµ�Ñ���e~ �e¶�*�µXalckjgc�~ } c�~]³Pj Ó�eØec��b~ } ¸�adj } ad~� !¶lc�ad~hc�~�Ú�~���ckj · �e¶d¶lc�~��Rckjgc�� � ~bck���b~ } �eck��¶ Ó�t����ck�k£!³Pc�~hckjXalckjX��c�� ~ }�t �Ñkck×b�galckjX��c�¥r­��'&NÚ�Ð'$%Brckjg��c�ad¶d� ~h�ec�~i¸6ckj } c�~ } �e~ ~i�*al� } c�~i�Rckjgc�� � ~hck��c�~E( �t ����ejgc�~
jgck¸�a�� � ��ck�"!

�*� � V �� 
 
 O �*� � 
 
 � � Û��ec�~�Û��*� � 
 
 Ý�Ý Ûâ´�£u� p Ý
�*� � V �� V � O �*� � V � � � Û��*� � V � Ý Ûâ´�£u��Ü�Ý� Û � Ý/O ¥�­��'&NÚÒÐ � V � Û � Ý&P©\°�² Úg³ � V � Û � Ý
�ec�~�Û�� Ý O �ec�~^£=Br�ej � ckjXµg�t�ec�Ñ����t �Ñe£ ²�ckjg�
�

ÐP� ¢�} alc�µ�c¡²�c�adµ�c�¸�alj } c�ad~hc &P©\°W²�Úg³ |�¤�©\ß�ª�Úx" Br�ej � ckjXµg�t�ec� e��~ µ���jX�balckjX�k® } adc } �e~ ~��nal� } ckj�t �Ñkck×b�galckjX��c�~�ª��g�e~ } �tj } · �ej � ckjÕµg�t�ec · ��~Þ¥r­��'&�ÚÒÐ�|�¤�©\ß�ª!Úx" · ckjg��¶da�� � c�~�¸6ckj } c�~Ù ¬�e~ ~^£�¤Pckj��e�bµ
} alc�µ�c�� Brckjg��¶lc�a�� � jXc�µg�b¶l�galckjXc�~ } c�`N~���ckjXµg� � alc } ¸�adj }i� alckj��e¶dµ�µ[*�µg� � V � �_ckÑkc�a�� � ~hck�k£



*<I ���������
	���� � 	���� � � �
��� � ��� � � 	 �2	�� ��� ��� � ����� ��� � � � � 	��������
	 �

�.3!�
	��  ;������35 &;����� � �+�4��� ����� �48�:;�� 4 ��:������
¤�alc��eckjX� } cN�Rc�µg� � jÕalck�Rc�~hc�~f©\ad~bÑkc�¶ ¢ c � ¶lckjr¸��hj } c�~fµ�� } c��_~balckjg�k® } �tØ�µgalc�¸6c�al��c�µ����ec � c�~ } �b~h e�ejXjgc�¶dalckjg�µgad~ } £!¤�� � ckjPadµ�� } ckj����e�g�e¶dc�Ö��b� } jX�t�gadµX� � c�µ[*!µ���c��*�t�ga�µg� � c (hc � ¶lckj�!

µ[*!µ�� U	�X"	 O � ' � N U��� 	 | µ[*�µg� U� � | µ[*!µ�� U� 
 
 | µY*�µ�� U� � 	 � VoX | µ[*�µg� U� V � Ûâ´�£u� t�Ý
¤Pckj�µ����_ckjXc�� � ~hck��c����e�g�e¶lc�µ[*!µ���c��*�t�ga�µg� � c'(bc � ¶lckj�¸�alj } µg� � ¶dalckØ�¶dad� � �eck��¶ Ó�t����ck�k£�Ú���(h��¶d�ec�~ } c�~]¸6ckj } c�~
¢ c � ¶lckjg�Rc � � ¢ ��ck��c�³Pj Ó�eØec�~ �*ad�	µ��g�t�gadµg�gadµg� � c�� �b~ } ���e�g�e¶lc�� µ[*!µ���c��*�t�gadµX� � c�� (hc � ¶dckj6�e~h�eck�eck�Rc�~^£!¤�alc
} �tjg�ec�µ���c�¶�¶l��c��6c�µ��gad�*���b~h��µ[*!µ���c��*�t�ga�µg� � ckj	(hc � ¶lckj ¢ ��¶l�e�rc�a�~hckj�G���~ · c�~È�gal��~ } ckj�ß�©	¥6����¤�ÐNjg�Rc�al�gµÒ¦
�ejX�h×b×Rc��e� ��©	°�±�£



� � � � ��� � �
	 � ����� � � � 	 �
	 � �2	 � � � � ���P	 � *��

QCD Verteilungen vor und nach WW Schnitten bei 161GeV
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QCD Verteilungen vor und nach WW Schnitten bei 172GeV
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QCD Verteilungen vor und nach WW Schnitten bei 184GeV
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