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}O ¤5Y8K�N	Y8V+z5O5ZaRDoqV5N;N	Y8K�f�Y8KMVQltoqRTY8KMSIY�r?LWK�N	Y8l z5Y8Ka{�o�nUnvZ|¢8Y8SIRMu O VQP�R�N�Y/Z
��Y8P�RTLWKTl+Y�ZaLbV5Z }O ¤5Y8KTRMK�o8]
�WY@VÝP%}LWV VQY8V�G��£SUY/ZaY8K�nISUY8�bR�¤5Y8SUl\DW]`_�Y�Z|LWVÍl+SUR<Z|Y8SUVQY8K6Ð5Y8¤5Y8V5ZTN oqOQY8K;w�F]G HWË¾�b�½{7lIH/w6SUVÍN�Y@K
{7Kb}OQx Y8V�xQY8SUÔbY8V-JÒx¥oWZaY&N�Y�Z�k?ÊQZaRMY@ltZ�Ë?SUVXN�Y8K\lto�V-N oWZ\��LWKMnISUY8�bY8VtY8SUVQY�Z£¸�O5oqKTP�]T·�nUO LbV�]|J�npoWZal½o
Y8KT©\oqKTRMY8R@G
µ¼l �����£��kÏ����u5Y8KTSUl+Y@V�RÀoql �������É]Mk�J~k�Î�Y�ZMw�x nIY8O V SI�WY8K@Ë�N oWZsZau5Y8¢@SUY8nIn\oqO	{ÀN�Y8V���obwyx	©�Y8SpZ
r?LWVàÐ5Y8u RMLbV u5oboqKMY@V SIl _hoWZTZaY8V	¤5Y8KMY8Spwyx"�	Ë¾F3^ _#`	`M^ H-a�¶Þ·�Y8�9*/w 1 oqO5Z|�WY8nIY8�WR-SvZ|R8Ë\©�Y8SpZaR
lto�V;Y8SUV Y@V+Z|SU�WVQS¦«5PboqV	RMY@V }�£¤5Y8KDZMw�x�OQÔØKTY8nvo�RMSIr6¢8O�oqnInUY8V;¤5Y8PboqVQV�RTY8V+x5obN�KMLbV SvZTwyx Y@V^¸�O Y8nInUY8V%ËWN�Y@K
��nUY8P	RMKTLWV�]`J
LßZaSURTKMLbV�]|J�KTL	N�O P	RMSULbV�SIV^¢@Y8V�RTK�o�nUY8Vtk	w�x�©�Y�{7Y8n¦]`Î�nUY@S¦]�OQV5NtÎ�nUY8S¬]M·�LWnpN�]`fÚLbnUnISvZaSILWV Y@Vm¤5Y8S
k	J�kW]`��V Y8KM�bSUY8VsV5obwyxb"¿�£�ßo j c7&¼Gß�£nUnIY8K�N�SIV �?Z�SvZaR®Y�Z�SUl���������kW]|���	u5Y8KMSIl+Y8V	R
V Spwyx	R�lÍ}LW�bnUSvw�x�ËboqO�{v]
�WKTO V5N�N	Y8K;ZTwyx nIY�w�x�RTY8VÍ_hoWZTZaY8V5o�OSY®}LßZaO V �hr?LbV�w8o	G�H8�AcdJ®]�L	N�Y@K;[¥]`�\Y�ZaLbV5oqV ¢@Y8V�oqO�{7¢8OQn|}L?Z|Y8V�G
��o�l+SURÀ¤ nUY8SI¤5Y8V���Y8K�Z|O5w�x Y?Ë�N	SUY }�£¤5Y8KTx�}LWx	O V �ÏN�O KDwyx���Y8KDZMw�x SUY8¤QO V ��L	N	Y8Km��Y8KT¤ KMY@SURMY@KMO V �-N�Y@K
��Y8P	RMLWKTl+Y�Z|LWV ltobZMZ|Y8V�¢8O;Y8KTP�n }oqKTY8V�Ë8O V	¤5Y�{7KMSIY�N�SU�bR8Gbµ¼V;N�Y8KÒJÒnpoqV	O V �<N	Y�Z �����£��kW]`����u5Y8KTSUl+Y@V�RTY�Z
SvZ|R�Y8SIV Y���Y8KT¤�Y/ZMZaY@KMO V �ÚN�Y8K�µ¼l+u OQnvZMo�OSY®}LßZaO V �<O V¥N6Y8SUV Y~��KMx�}Lbx�O VQ�6N	Y8K���oqRMY\{y}O K�N	SUY£kßRMK�o�x nU¢@Y8SUR
H jbj ¯mr?LbKM�bY�ZaY8xQY8V�G
��o�l+SUR�Z|RMY8nInUR�ZaSpwyxãN	SUY ¨¥KDoq�bY?Ë;LW¤­×�obN�KMLbV Y8�	u5Y8KMSIl+Y8V	RMY�©\SUY ���£§ j L	N�Y8K)k	����� SIV N�Y@K



» 0 1-� 2�3�4À�	���+�@��9v���	

�	�;$<�q=5>?�	�8�8�-��
)�-����
�B����	��
���=59�97�7�8��=5
���


Ð¡o��WYXZaSUV¥N±Ë Ð5Y8uQRMLWVQu5oWo�KMY?Ë�N�SIYtoqO¥Z6� Y@P�RTLWKMl�Y�ZaLbV Y8VÏZaR�o�l+l+Y8V%Ë�¢8O�N�Y@RMY8P	RMSIY8KMY8V%G�Î�Y8S��£×�µD��]
��V Y@KM�WSIY8VÑY8KDZMw�x Y8SIV�R+Y/Z�N�Y8VQP�¤5o�K8Ë�N oWZ-ZMw�x�©�Y8KMYeQSH�f�]|_�Y�Z|LWVÑSIV�ZaY@SUV Y8V ��nUY8P	RMKTLWV�]`J
LßZaSURTKMLbV�]
f<o�V5oqn�V5oWw�x ¢8O	©�Y@SvZaY@VC" k?RDo j F7&¼G
µ¼là¨ LWnI�WY8V5N	Y8V6©\SIK�N6N	SvZaP	O RTSUY8KTR8Ë8LW¤;OQV5NØO V	RMY@K
©�Y8nvw�x Y8VÀÎ�Y�N�SIV �WOQV �WY8VÀY8SUV;Ð5Y8uQRMLWVQV5oWw�x�©�Y8SvZ�SUl
���£§ j ]�¤ ¢8©<G�k	�
���~]`����u5Y8KTSUl+Y8V	R\lÍ}Lb�WnUSpwyxtSpZaR8G�z5O V�}obwyx¥ZaR�lsO Ô�N oq¢8OÍN	SUYs¨ K�o��WY;¤5Y�oqV	R|©�LbKMRMY@R
©�Y8K�N	Y8V�Ë�Lb¤;N�SIY��£P	¢8Y8u RDoqV ¢®O V5N<N�SUYÒ�ÒKTY8SU�bV SvZ|K�o�RMY�u KMSIV ¢8SIu SUY8nIn�oqO¥ZaKMY@Svw�x Y8V�Ë@N�SUY�Z|Y8nURTY8V Y8VÀz5Y8Ka{ }o�nUnUY
¢@OÑN�Y@RMY8P	RMSIY8KMY8V%G��£V5ZMw�x nISUY8ÔbY8V5NálsO ÔÍ�WY8¢@Y8SU�bR+©�Y8KDN�Y8V�Ë~N oqÔ�N�SIY�Ð5Y8u RMLbV Y8V"SUV"�£V	©�Y/ZaY8V xQY8SUR
r	SUY@nUY8K<×�oWN�KTLWV Y8VÍY8SIV5N�Y8O RTSU�tSvN	Y8V�RTS¦«5¢@SUY8KTR£©�Y8K�N�Y@VhP�}LbV V Y8V�G��£Y@K;�£V	RMY8KT�WKTO V5NhoqO¥ZÚ{7Y8x nISvN�Y@V�RTS¦]
«¥¢8SUY8KTRMY8VÍ×�oWN�KTLWV Y8VÏO V5N�N�Y@KØP?Lblm¤QSUV5o�RMLWKTSvZTwyx YÀJ
LßZaSIRMKMLbV Y8V�]`��nUY8P	RMKTLWV Y@V�]|��V�RTY8KM�bKMO V5NÍoqO¥Zhg ]
f�LbV�r?Y8KDZaSILWV Y8VsO V5Ns��o�nUSURT¢�]Tz5Y8Ka{D}o�nUnUY@V;¤�Y/ZaRMSIl+l+Y8VÀN obZÉk?SI�WV5o�n5¢8O+��V�RTY8KM�bKMO V5N?]¼��Y8KTx�}oqnIRMV SpZ�G?�£SIY
·�K/}LWÔWYsN	SUY�Z|Y�ZÉ��Y8KTx�}oqnIRMV SpZMZ|Y�Z\N�SUP	RMSIY8KMR�ZTwyxQnUSUY@ÔWnUSpwyx½N�SUY<Y8K|{7LWK�N	Y8KMnISvw�x YÀ�£V ¢�o�x n�r?LWVX�ÒKTY8SU�bV SvZTZaY8V%G
��Vh×�o�V5N�N�SIY�ZaY@K��£V	RMY@K�ZaO¥wyx	O V �Àn|}oqÔbR<ZaSpwyxtu npoqV Y@V�Ë�Lb¤�O V¥N^©�L	N	O K�w�xhSUl k��
����]`�Ò�	u5Y8KMSIl+Y8V	R
¤5Y8S5x Lbx Y8Vt��KTY8SU�bV SvZ|K�oqRTY8V�N�SUY�µ|N�Y8V	RMS¦«¥PWo�RMSILWV;r?LWVtÐ5Y8u RTLWV�]`J�oboqKMY@V^Lbu RMSIl+SUY@KM¤5o�K
SpZaR8G	�£SIY�Z�PboqV V
¢ßG¾Î�G�l+SUR�×£SUn¬{7Y-N�Y8K-�£Y8RTY8P�RTSULbVAO V5NÑk?Y8nIY8P	RMSULbV)N�Y@K�Ð5Y8u RTLWV�]`J�oWo�KMY�SIV"��wyx	RM¢8Y@SURs�WY�ZTwyx Y@x Y8V�G
��oql+SIR£PboqVQVÝlto�VhN obZ<��oqRTY8V�r?LbnUO l�Y8V-oqO�{~N�SIY;u�LbRMY8V	RMSIY8nUnIY8VhÐ5Y8u RTLWV Y8V¥Zau O KTY8VÍ¤�Y/ZMw�x K�}o�V P?Y8V�G
��SIV Y�o�V5N�Y8KTY�_�}Lb�WnISvw�x P?Y8SUR;nISUY8�bR+SUV N�Y8K½��oqRTY8V P?LWl�u KMSIl+SUY8KTO V �ÍN�OQK�w�xÑZ|u�Y@¢8SUY8nInUYXoqV �bY8u5oqÔbRMY
_�L	N	Y8nUnIY?Ë�l+SIR\N�Y@V Y8VtN�SIYÀ��oqRTY8V^{ }O K�N	SUY<Z|u }oqRTY8KMY&�£O5Za©�Y8KMRTO V �;�bY�Zau5Y8Spwyx Y@KMR�©�Y8K�N	Y8VtP }LbV V Y8V�G

i#j�k lnmpoIqCrUsPtvu�o)w qUx9y\z�{'| x9y�o.wCy

��oWZ�[¥]`_�Y�ZaLbV ©\O K�N	Y ¤�Y@KMY8SIR�Z)SUV ZaY@SUV Y8l f g f ÷ ]Tz5Y8Ka{�o�nUnpZaPboqV5o�nÝSIl �Ò�	u5Y8KMSIl+Y8V	R"���£§ j
V¥oWw�x �WY8©\SIY�ZaY@V�G
k?Lbl+SUR�ZaSIV5NÝ_�OQnURMSIu nUSI¢8SUR }oqR\O V¥N ��Y8KTRMY8SInUO V �sSUl J�x5obZaY8V KDoqO l ¤5Y8PboqV V	R8G%�£SUY�Z|Y
��KT�WY8¤ VQSvZMZ|Y;N�SIY8V Y8V½oqnvZ�·�KMO V¥N�nvo��WY�{�}O K�� Y@KM�WnIY8Svw�x Y\O V¥N k?SIlmO npoqRTSULWVQY8V�G

}�~Z��~Z� � � �������

��oWZs[¥]`_�Y�ZaLbVA¢8Y8K|{D}oqnInUR<l+SURÀY8SUVQY8K6ÌÏoqx KDZMw�x Y8SIV nUSpwyx P?Y@S¦R�r?LWV�§ j ËUH7c SIV�Y8SUV�f g f ÷ ]`J�oWo�K8G��£SIY
SIVtY8SUV Y@K�Î�nIY8S¦]`Î�nUY@S¦]`fÚLbnUnISvZaS¬LbVm¤5Y8S®H8¶W¯+·�Y8�9H/w£u KMLs��O P�nIY8LWV�Y8V�RDZaRTY8x Y8V5N	Y8V+Y8R|©\o;´;[ ]|_�Y/ZaLWVQY8V
¢@Y8Ka{�o�nUnUY@V+SUVtY8R|©\o;�;f g f ÷ ]`J�oboqKMYßG
Î�Y@S�N�Y@l z5Y�{�o�nUn�N�Y�Z+[ ]|_�Y�Z|LWV5ZsSUV)Y8SIV"f�g�f ÷ ]`J�oWo�K^SpZaRtN	Y8K+SUV)P	SUVQY8RMSpZMw�x Y-�ÒVQY8KM�bSUYhO l+�bY�]
©~oqV5N	Y8nURTY+�£V	RMY@SUn�N�Y@K;_hoWZTZaYtZ|Y8x KÀ�WY8KTSUV �QË
Z|LÍN oqÔXN�SUYsY8V	R�Z|R�oqV¥N�Y8V Y8V�fØo�LWV Y@V�Ë
¤5Y8S�V Spwyx	R<¢8O
P	nUY@SUV Y8V�µ¼l+u O npZaY8V&N�Y�Z�[¥]`_�Y�ZaLbV5Z�Ë	V5oqx Y@¢8O+SUV�N�Y8K~�ÉSpwyx	RMOQV �ÀN�Y�Z�[¥]`_�Y�ZaLbV5Z�©�Y@SURMY@K�Y5SIY8�WY8V%GW�£SIY
f g f ÷ ]`J�oboqKMYso�O5Z�[ ]|_�Y�Z|LWV Y@V�l+SIR��£o�u SvN�SIR�}o�RMY8V-�WK�}LbÔWY8KÚN�KMY8S�Õ7Ê N Ù����19���v� g����� ÷ � ���

��Ö\¤5Y8r%}LWnIP�]
Y@KMV-N oqxQY8K\©�Y8SIRM�bY8x Y8V5NsN�SIYØ��LbKM©À}oqKTR�Z|x Y8l+SpZau x�}o�KMY?G	��obZ\���£§ j ]`�Ò�	u5Y8KMSIl+Y8V	R�N�Y�w�P�R�l+SIR�Z|Y8SUVQY8V
��Y8RMY8P	RMLbKMY8V;Y@SUV Y8VÀ©�Y8SIRMY8VsÎ�Y@KMY8SpwyxÀN�Y8K®� LbKM© }o�KMR�Z|x Y8l+SpZau x }oqKMY~oq¤�Gß��oql+SIR�n }o�ÔWR�Z|Svw�x;Y8SUVQY\��obwyx�]
©�Y8SvZ|©\o�x K�ZTwyx Y@SUV nISvw�x P?Y8S¬R�r?LWV;O VQ�WY�{D}o�x K�¶W��cÑ{y}OQK�f g f ÷ ]|J®oWoqKTY�o�O5Z�N�Y8lãz5Y8Ka{�o�nUn5N�Y/Z�[¥]`_�Y�ZaLbV5Z
Y@KMKMY@Svw�x Y8V�G
µ¼V5Z|�WY�ZToqlsR;Y8V	R�ZaRTY8x Y8V�Y8R|©\o�H@FW��f<oqLWVQY8V�Õ¼f g aDf ÷ a�f��8Ö6¤5Y8S�Y8SIV Y8KsÎ�nUY@S¦]`Î�nUY8S¬]|f�LWnInUSIZaSILWV�G��£SIY



0+�7� $<��=�!��
°±���7=5
A!���� [ B������8=5
�� Â

f<oqLbV Y8V)o�O5Z+N�Y@l z5Y8Ka{�o�nUn�N�Y/Z;[¥]`_�Y�ZaLbV5ZmP%}LWV V Y@VAV Spwyx	R6r?LbV)N�Y8V�o�V5N�Y8KTY8V)f<oqLbV Y8V)O V	RMY@Ka]
ZMw�x SIY�N�Y8VÍ©�Y8KDN�Y8V�G���Z6Y8KT�WSU¤QR;ZaSpwyxÏZaLhY@SUV���Y8KTx�}oqnIRMV SpZÚr?LbVAk?SI�WV5o�n\¢8O��£V	RMY8KT�WKTO V5NÝr?LbV�Y8R|©\o
��Ëi�W¶	G���obZØSUVÍY8SIV�f g f ÷ ]`J�oWo�K6¢8Y@Ka{�oqnInUY8VQYs[¥]`_�Y�ZaLbVÝ©\SIK�NÝl+SIRMRTY8nvZ�ZaY8SIV Y8K�SIV�rbo�KMSvo�V�RTY8VÏ_hoWZMZ|Y
V5obwyx �bY8©\SUY/ZaY8V�Gß��oq¢8Os©\SUKDN&{y}OQK�oqnInUY\lÍ}Lb�WnUSpwyxQY8V;f�LWls¤ SIV5oqRTSULWVQY8V;o�O5Z u5L?Z|SURTSUr?Y8V;O V¥NÓV Y@�?oqRTSUr?Y8V
f<oqLbV Y8VhN	SUY�SIV�rboqKTSvo�V�RTY6_hobZMZ|YØV¥oWw�x�N	Y8K�¨ LWKMl�Y8n�Õ�F�GUH�Ö�¤5Y8KMY�w�x V Y@R8Ù

_ 1����� � Õ?� ��� � 1 Ö 1C� Õ� ¡ ���  ¡ 1 Ö 1 Õ¼F£¢UH�Ö
�£O5Z<N�Y@VÍ�ÒVQY8KM�bSUY8V�� � Ë%� 1 O V5NÍµ¼l+u O npZaY8V¤ ¡ � ËI ¡ 1 N�Y@K�¤5Y8SvN�Y@VÍ�CY8SInvw�x Y8V-©\SUK�NhN	SUY;SUV	rboqKTSvoqV	RMY
_hoWZTZaYtl ����� Y8SUV Y/ZØx	Ê�u5LWRTx Y8RTSvZMw�x Y8V��ÒnIRMY8KTV�RTY8SUnpwyxQY8V5Z£¤5Y8KTY�wyxQV Y8R8G���K }o��WRsltoqV�N	SUYt× }o�O�«5�bP?Y8SUR
N�Y8K�f<oqLbV Y8V�]`J�oWo�KMY&oqnvZ�¨ O V P	RMSILWVhN	Y8K\SUV	rboqKMSpoqV	RMY8V-_hobZMZaY&oqO�{TË¡ZaLsx Y8¤QR�Z|Svw�x�N	SUYÀ[¥]`_�Y�ZaLbV Y8V�]
�\Y�ZaLbV5oqV ¢½N�Y8O RTnUSvw�x�r?Lbl ×£SIV�RTY8KM�bKMO V¥NÝo�¤�G��£SUYsf<oqLbV Y8V�Ë®N�SUY;VQSvw�x�R<o�O5Z6N	Y8l z5Y8K|{�oqnIn�N�Y�Z<[¥]
_�Y�Z|LWV5Z�Z|R�o�l+l+Y8V�Ë	Y8KM¢@Y8O �WY@VhN�Y8VÍ×�SUV	RMY8KT�WKMOQV5N/¥5N�SIY�ZaY8K�PboqV VÍo�¤5Y8K<KMY8P?LbV5ZaRTKMO SIY8KMR\O V¥Nhoq¤ �bY�]
¢8Lb�WY8Vt©�Y@K�N�Y8V%G

ä\å å æUçpè�é ê	ëE¦�í¬ì §8õ¾ö�óbð�
�ô�ò|ñ�¨7
©�Úò|ñ7ÿ�ó�ñ¡õ¾ó\ô�òa÷�õió8þ�ðy÷7õ¬ð�ó��7ò��<ðyñ7ñ7ò
óbð��¼ï�ª�ý�ù|úqö�ô�òañ¡ü
ó���ò|÷7ö�÷7ú�óqô�ò|ñ�«¬��ÿ���­¯®�°��
�£¤ ¤QSUnvN	O V �sÕ¼F	GUHqÖ�¢@Y8SU�bR�NQoWZ£k?u5Y8P	RMKTO lãN�Y8K�SUV	rWo�KMSpoqV	RMY8V�_hoWZTZaY�V5obwyx-k?O ¤ RTK�oqP	RMSILWVtN	Y�Z��£V	RMY@Ka]
�WKTO V5N�Y/ZÉSIl Î�Y8KTY8Svw�x�N�Y8K�_hoWZTZaYÀN�Y�Z\[ ]|_�Y/ZaLWV¥Z�G5��SUVtP	nvoqKTY�Z£k?SI�WV5o�n�SvZaR�Z|Svw�x�RT¤5oqK@G ��o�K�o�O5ZÉn`}oqÔbR
ZaSpwyx�Y8SUV Y�_hoWZTZaY<r?LWVXH8��H j a��b_�Y8r�*�w�1�±��£a��W_�Y8r'*�w�1É¤5Y�Z|RMSUl�l+Y�V%G?�£SUY/ZaY8K�ÌÍY8KMR\SpZaR�r?Y@KMRMK }oq�bnUSvw�x
l+SIR�N�Y8l Ð5SURTY8K�o�RMO KT©�Y8KTR6Õ7l#Nh� H@��H j aM§QH8�K±��£a��W�b¯W_�Y8r+*�w 1�² N��Ñ§³aM§?��±)�£a��W¶b_�Y8r/*/w 1 Ö�G¡�£SUY
Î�KMY@SURMY�N�Y8K���Y8KMRTY8SUnIO V �À¶Sa j _�Y8r'*�w 1 ±��£a�´�_�Y@r´*/w 1 Y8V	R�ZauQKMSvw�x	R�N	Y8K�V5o�Rb}O KTnUSpwyx Y@V+Î�KTY8SURTY£�bY�{�oqnIRMY8R
l+SIR�N�Y8K�Y8�	u5Y8KMSIl+Y8V	RMY8n¬nIY8V<�£OSY
}L?ZaOQV �<r?LWV;Y8R|©\oÀH£·�Y8�9H�w\N	SUY�SIVs���£§ j Y8KMKTY8Svw�x	R�©\SUK�N#"ª_�L	w j ´�&¼G



µ 0 1-� 2�3�4À�	���+�@��9v���	

�	�;$<�q=5>?�	�8�8�-��
)�-����
�B����	��
���=59�97�7�8��=5
���


��¤5ZMw�x nUSIY8ÔWY@V5N�n|}o�ÔWR;Z|Svw�x {7Y/ZaR�Z|RMY8nInUY8V%Ë�N oqÔhSIl ����§ j ]`����u5Y8KTSUl+Y@V�R<[ ]|_�Y/ZaLWVQY8V }O ¤5Y8KÀN�Y8Ksz5Y8Ka]
{�o�nUn�SUVÏf g f ÷ ]|J�oboqKTY+�WY8l�Y�ZMZ|Y8VÝ©\OQK�N�Y8V%G���ZØSpZaR6©�Y�N�Y8K<Y8SIV Y�N�Y8O RTnUSvw�x Y;��Y8KT¤ KMY8SIRMY8KTO V �+VQL	wyx
Y@SUV Y�� Y@K�}oqV¥N�Y8KMOQV ��N	Y8K�SUV	rboqKTSvoqV	RMY@V6_hobZMZ|Y�N�Y�Z�[¥]`_�Y�ZaLbV5Z
SUVsN	SUY�Z|Y8lÞz5Y8K|{�oqnUnpZaPboqV¥oqn	Y8KMP?Y8VQV�¤5o�K8G
��oWZ<[¥]`_�Y�ZaLbVÝn`}oqÔbR<ZaSpwyxhSIVhO V�RTY8K�ZTwyxQSUY�N�nISvw�x Y�V�Î�Y@KMY8Spwyx Y@V�N	Y8K<��oqu SpN�SUR/}oqR�O V¥NhN�Y�Z���K�o�V5Zar?Y8K|]
ZToqnISUl+u OQnvZaY/Z½KTY8P?LWV¥ZaRMKTO SUY@KMY8V�G��£SIY�N o�K�oqO¥Z KTY�ZaO nIRMSIY8KMY8V¥N�Y8V �CKDoqV	r?Y8K�ZToqnUSIl+u O npZal�oWZTZaY8V�]½Õ�l.¶¡Ö
OQV5Nt�£o�u SvN�SIR }o�R�ZMZ|u5Y8P�RTKMY8VXÕ�Ê5Ö�ZaSUV¥NmSUVt��¤ ¤ SUnpN�O V ��Õ¼F	G¾F�Ö��bY8¢8Y8SI�WR@G���VtN oWZ�l ¶ ]Mkßu�Y@P�RTKMO lãPboqV V
Y@SUVASIV�r?Y@K�ZaY@K+k?RMY8SI�WO VQ�?Zau¥oqK�o�l+Y8RTY8Kmr?LbVAY8R|©~oÝ�b�W��_�Y8� oqV �bY8u5o�ÔWRt©�Y8KDN�Y8V'N�SUY�Z;Y8V	R�Z|u�Y@Svw�x�R
N	Y8KE·W��Y8l+u5Y8KDoqRTO K�·sN�Y8K<f�Y8KTV lto�RMY8KTSUY�¢8OÍN	Y8l z5Y8SURTu O V P	R8Ë5o�VÍN�Y8l N�SUYs_�Y/ZaLWVQY8VhN obZ<�ÉY�o�P�]
RTSULbV5Zar?LbnUO l+Y@V+r?Y8KMnpoWZTZaY8V�G5��SUY;µ¼V	RMY8�bK�o�RMSULbVhN�Y/Z£��oqu SpN�SUR/}oqRDZMZau5Y8P	RMKTO ltZ�Y8KT�WSI¤ R£Y@SUV YÀ_�O nIRMSUuQnUSU¢�]
SIR�}o�R�{�}O K�NQoWZ�[¥]`_�Y�ZaLbV^r?LbVtY8R|©\om´&_�Y�ZaLbV Y8Vtu KML���KMY8SI�WV SpZ�"ªJ�}OQx j ¯-&�G

ä\å å æIçvè�éQê ë�¦?í¸¦ ¹�õió7�@ñZº�»5ò|÷	�7ò|õ�
¾ú�ó�ö\ô�òa÷��7÷¼ð�ó�ñ�þ�ò|÷�ñ�ð�
iòaø¼�<ðyñ7ñ�ò�ô�ò|÷�¨7
©��òañ7ÿ�óqò|ó£�½Cò?�¼ï���ñ�º-½�ð��qõiôqõ¸� ûð���ñ7þ�òa÷��7òaõ¸
¾ú�óqö�ô�òa÷5¨7
���ò|ñ7ÿ�ó�ò|ó£¾Wò?¿���÷�ð��Wÿ�
¾õ¾ò|÷	��ð�ú�À5ô�ò|óØö�ò|ñ¼ð�øR�7òaóÁ�±ò|÷7ò|õ��¼ïô�òañ�� ÷�ðyó�ñ7þ�ò|÷7ñ¼ð�
¾õ¾øÁ��ú�
¾ñ�ò|ñ��



0+�v0 #%�7�Ý��9��	����=5
�²¡=5
)9��	�C�/=�
��7�82�3
�	
â�Ò���¯Â �� 9797��
�!
�	� d B����	�8=5

� �

}Á~��p~Ã} � � A � A �
µ¼V+r?LWKTx Y8KTSU�WY@V+�£¤¥ZMw�x V SURTR�©\O K�N�YÚN oWZ�[¥]`_�Y�ZaLbV�N	O K�w�x+N	SUY�_�Y�ZMZ|O V �sN�Y8K~N�O KDwyx�ZaY8SIV Y8Vtz5Y8Ka{�o�nUn
Y8V	R�Z|R�oqV¥N�Y8V Y8Vsf g f ÷ ]`J�oboqKMY�V5obwyx �bY8©\SUY/ZaY8V�Gb��SUVso�V5N�Y8KTY8K�z5Y8K|{�oqnUnpZaPboqV¥oqn5N�Y/Z�[¥]`_�Y�ZaLbV5Z�SvZ|R�N�Y@K
z5Y8K|{�oqnUn�SIV�Y g Y ÷ ]`J�oWo�KMY?G��£SIYmÌÏoqxQK�ZMw�x Y8SIV nUSpwyxQP?Y8SUR�N�SUY/ZaY�Z;z5Y8Ka{�o�nUnvZ�SpZaR6OQl ·�K }LbÔWY8VQLWK�N	V�O VQ�WY8V
�WY@KMSUVQ�WY8K�oqnpZ+N�Y8Ktz5Y8Ka{�o�nUn\SIV)f g f ÷ ]`J�oWo�KMY?G\��SUY�ÌÏoqxQK�ZMw�x Y8SIV nUSpwyxQP?Y8S¬R8Ë�N oqÔ�N obZ+[¥]`_�Y�Z|LWV)SUV
Y8SIVh��nUY8P	RMKTLWV�]`J
LßZaSURTKMLbV�]|J®oWoqK�¢8Y8Ka{D}o�nUnIR8Ë ¤5Y8RMK/}oq�bR�Y8R|©\os�)ÄÏH8� ÷Mø G±��obZ£¤5Y�N�Y8OQRMY8R@Ë±N o�Ô+SUVÏH8�b�W�W�
��KMY8SI�WV SpZMZ|Y8Vml�SUR�Y8SUV Y@K�l+SURTRMnIY8KMY8VÀ�£VQ¢�oqx n5r?LbVmY8R|©~oØ´<[ ]|_�Y�Z|LWV Y@Vmu KTLÀ�ÒKTY8SU�bV SvZ�N�SIY�ZaY@K�z5Y8Ka{�o�nUn
w8o	G�F�H+l½oqn�¢8O�Y8KT©\o�KMRMY@V�SvZ|R8G���l N�SIY+��Y8RMY8P	RMLbK�o�P�¢8Y@u R�o�V ¢m{y}O Ks��nUY@P�RTKMLWVQY8V�]`J
L?Z|SURMKTLWV�J®oWoqKTY
oqO¥Z;N�Y8l z5Y8K|{�oqnUnÒN�Y�Z6[ ]|_�Y/ZaLWV¥ZØ¢8O�Y@KMl+SIRMRMY@nUV�OQV5NÝx Y8KDoqO5Z|¢8O�«5V¥N�Y8V�Ë�LW¤�N�SIY+µ|N�Y@V�RTS¦«5¢8SIY8KMOQV �
N�SIY�ZaY8K���nIY8P�RTKMLbV Y8V�]`J
L?Z|SURTKMLWVXJ�oWo�KMY;l+SIR�Y8SIV Y8K\x SIV KMY@Svw�x Y8V5N�Y@Vt�
¹+¢8SIY8V ¢<lÍ}Lb�WnUSpwyx�SvZaR@Ë ©\O K�N	Y8V
k?SIlmO npoqRTSULWVQY8V+N	O K�w�x �WY�{ }O x KMR@G

i#j¯i Åbu�Æ rCÇ�È6tvu�o)w É.o)w Ç�xEÊCt�o.w]u�yÌËRÍUx9w Î�xEmpÏÑÐÈ�Ç�Ç�xÒw qbx9y z�{
| xÒy5o.w]y

���£§ j O V5NÑk	����� Z|SUV5N"����u5Y8KTSUl+Y@V�RTY?Ë�N�SIYÍoqO�{&N�SIYÍ��Ka{�oWZTZaO VQ�)N�Y�Zsx5oWN�KTLWV SpZMw�x Y8V ��V5N�¢8O�]
ZaRDoqV5N	Y�ZmY8SIV Y8K;f�Y8KTV�]`fÚY@KMV�]`f�LWnUnISvZ|SULWV�o�O5Za�bY8nUY8�bRtZaSIV5N±G�z5O Ktk?Y8nIY8P	RMSULbV�r?LWV���nUY8P	RMKTLWV Y8V�¤ ¢8©<G
J
LßZaSURTKMLbV Y8VhPboqV VhSIVhN�SIY�ZaY@Vh����u5Y8KTSUl+Y@V�RTY8VtN�Y8K�l+SIRMRMnIY8KMY���V Y8KT�WSUY@r?Y8KMnIO5ZaR�N�Y@K���Y8SUnpwyxQY8Vt¤�Y@SUl
�£O KDwyxQ�?oqVQ�;N�O KDwyx�N obZ£z®}oqx nI�?oWZ�Y8SUVQY8K��\J���L	N�Y8K~N�SUY�oqO5Z�N�Y8V�¨
nUOQ�W¢8Y8SIR�N�Y@RMY8P	RMLbKMY8V;Y8KTl+SURTRMY8nIRMY
_hoWZTZaYtY8SIV Y�Z6��Y8SInvw�x Y8V5Z�r?Y8KT©�Y8V5N	Y8R<©�Y8KDN�Y8V�G�µ¼V)k	�
��� ¤5Y�Z|RMY8x	R6¢8O¥Z8}oqRT¢8nUSpwyx�N�SUYt_�}Lb�WnISvw�x P?Y8SUR
N�Y8K�kßY8nUY8P	RMSILWVtN	O K�w�x-N oWZ���_Ý�ÑÕ7Y8nUY8P	RMKTLWlto��WV Y@RMSvZTwyxQY�Z�fØo�nULbKMSUl�Y8RMY8K�Ö�G
�£l­Y8SIV Y8V }�£¤5Y8KM¤QnUSvw�PtN o�Kb}O ¤5Y8K�¢8O��bY8©\SUV VQY8V�Ë5LW¤Í��nUY8P	RMKTLWV�]`J
LßZaSURTKMLbV�]|J®oWoqKTYsoqO5Z�N�Y8l z5Y8Ka{�o�nUn
N�Y�Z�[ ]|_�Y�Z|LWV5Z�O V	RMY8K�N�Y8Vs�WY@�WY8¤5Y8V Y@VtÎ�Y�N�SIV �WO VQ�WY8Vs¢8Os¤�Y@LW¤5obwyx	RMY8V½ZaSUV¥N±Ë?©\O K�N�Y@V^k?SIlmOQnvoqRTSUL�]
V Y8V-N�OQK�w�x �WY�{y}OQx KMR@G
�£SIYÓkßSUlsO nvo�RMSULbV Y8V�ZaLbnUnURTY8Vt�£O	{�ZMw�x nUO Ô }OQ¤�Y@K�{7LWnU�bY8V5N�YÀ��Z|u5Y8P�RTY<�WY8¤5Y8V�Ù

Ó ��Y8KTRMY8SInUO V �&N�Y8K���nUY@P�RTKMLWV	]|J
LßZaSIRMKMLbV�]`J�oWo�KMY6SIl µ¼l+uQO nvZ|K�oqOQlhG

Ó �£OQK�w�x�f�Y8V V	RMVQSvZ�N�Y@KØ��Y8KTRMY8SInUO VQ�tN�Y8KÀ��nUY8P	RMKTLWV�]`J
LßZaSURTKMLbV�]|J®oWoqKTY+SUl µ¼l+u O npZaK�o�O l OQV5N
N�Y@K�·£Y@LWl+Y8RTKMSIY�N�Y@K��£Y8RMY@P�RTLWKMY@V^Pbo�V VhN�SIY<�£P	¢8Y8u RDoqV ¢Úoq¤ �bY�ZMw�x�}oqRT¢8R�©�Y8KDN�Y8V�G

Ó ��KMl�SURMRTnUO VQ�;N�Y8K�f�LbV�RDoql+SIV5oqRTSULWV½N�Y8K�ZaY@nUY8P	RMSIY8KMRTY8V+f<o�V5N�SvNQoqRMY@VhN�O KDwyx½×�oWN�KTLWV Y@V�G

Ó �£VQ¢�oqx n�N	Y8K�f<oqV5N�SpN oqRTY8V�Ë5N�SIY�u KTL+��KMY@SU�WVQSvZ\ZaY@nUY8P	RMSIY8KMR�©�Y@K�N�Y8V%G

Ó �£¤¥ZMw�x�}oqRT¢8Y8V�N�Y/ZÝ�£V	RMY@KM�WKTO V5N�Y/Z�N�O KDwyxà��nUY@P�RTKMLWVQY8V�O V5N�J
L?Z|SURTKMLWVQY8V�ËÀN�SUY�N	O K�w�x�g¥]
z5Y8K|{�oqnIn¼Ë���oqnISURT¢�]Mz5Y@Ka{�oqnIn¼Ë\ÌÍY�wyx¥ZaY8nI©\SUKMP	O V ��N�Y@KÍ�CY8SInvw�x Y8V)l+SIR-N�Y8l �£Y8RMY@P�RTLWKMl½oqRMY@KMSvo�n
Y8KT¢8Y8O �bR\©�Y8KDN�Y8V�G



�	Å 0 1�� 2�3546�	�7�+�8�	9:���	
����;$<��=5>?���8�@���7
)���	�q
�B��-����
���=5979��7�8�7=5

�	


z5©�Y8S�k?SUlsO npoqRMSILWV Y@V�Ë�N�Y8V Y@V+N obZ�����§ j ����Y8KTSUl+Y@V�R�¢8O �bKMO V5N	Y£nISUY8�bR8ËW©\O KDN�Y8V�N�O KDwyx �bY�{y}O x KTR8G	µ¼V
¤5Y8SpN�Y8Vsk?SUlsO nvo�RMSILWV Y8V�©\O K�N�Y@VsoqnvZ®�£Y8RMY@P�RTLWKMY@VØV	O K�N	SUY��\J���ZÒ¤5Y8RTK�obwyx	RMY8R@G��£SUY~¨
nUOQ�W¢8Y8SIR|©À}oqV5N�Y
©\OQK�N�Y8V-©�Y8�bY8VtSUx KTY8K�P	nUY@SUV Y8V½�£P�¢@Y8u R�o�V ¢�V Spwyx	R�¤5Y8Kb}O5w�P Z|Svw�x�RTSU�WR@G

}�~Ô}�~Z� Õ×Ö�Ø'ÙvÚÜÛ�ÝßÞ�ÙÌÚpØ/Þ�Ù5ÝàØàÙâá Û�Ú�Ø'Ù%ã£äåÖÌÝ/æ�Ûèç�Þ�éëêEæ�Ö�Ø/Þ�Û�Ú

z5OQV }oWw�x5ZaRÀ©\O K�N	YmY8SIV Ys_�LWV	RMY�]M��o�KMnULÍk?SUlsO npoqRMSILWVXN�O K�w�x �bY�{ }O x KTR8G���o�¤5Y8S�©\O KDN�Ysr?LWVÏN�Y8KÀ�£o8]
uQSvN�SIR�}oqRDZ`]~O V5Nh��K�oqV	r?Y8KDZMoqnISUl+uQO nvZ¼]¼��Y8KTRMY�SUn¬O V �bY8VtN�Y8K�[¥]`_�Y�Z|LWV Y8VÍo�O5Za�bY8�?o�V �WY@V�Ë�N�SIY-}O ¤5Y8K<N	Y8V
z5Y@Ka{�oqnInvZ|PWo�V5oqnQ[íì f<gtf ÷ �bY8l+Y�ZTZaY8V<©\O KDN�Y8V�G���SUY�ZaSIlmO nISUY8KTRMY8V�[¥]`_�Y�Z|LWV Y8VÀ©\O K�N	Y8V<¢8O�{D}oqnInUSI�
�bY8lto�Ô�N	SUY�Z|Y8K<� Y@KMRMY@SUnUOQV �toqVQ�WY8LbK�N�V Y@R8Ë
OQl N oqV VÏY8V�RDZau KTY�w�x Y8V5N�SIx KMY8K;z5Y8K|{�oqnInvZaP	SUVQY8ltoqRTSUP+SIV
Y g Y ÷ ]`J�oWo�KMYÀ¢8Ot¢8Y8Ka{�o�nUnIY8V�G�kßLmP?LbV V�RTYÀN�SUYÀ�£Y8RTY8P	RMLWKDoqP	¢8Y8u RDoqV ¢<O V¥N�N�SIYØ��Y8KTRMY8SInUO VQ�;N�Y8K���nIY8P�]
RTKMLbV Y8V�OQV5NtJ
L?Z|SURMKTLWV Y@V�SUl µ¼l+u O npZaKDoqO l ZaSIlmO nISUY8KTR�©�Y@K�N�Y8V%G

ä\å å æIçvè�éQê ë�¦?í¸î ��ÿ�ó��7òÃ
�ï�ð�÷	
iÿR§8õ¾ø\ú�
¬ð���õ¾ÿ�ó£��� ÷¼ð�ó�ñ�þ�ò|÷�ñ�ð�
¾õ¾øÁ�qú�
¾ñ¡ð�ú�ÀUö�ò?��÷�ð�ö�ò|ó�ö�ò|ö�ò|óE½�ð���õ¾ô�õ�� ûð��Z�ð ýWò|ó£º�ª%
�
iò�ò|÷�ù|ò|ú�ö¯�7ò|ó9� ò|õ�
���ïqò|ó£�ü
ó���ò|ó£º7�Qòaõ¸
��¼ï�ò|ó�õ¾øåª%�@ùaò?����ðyó�ù|ýWò|÷7òaõ¸�¼ï6ô�ò|ñ�ñ�ò��7ò?���7ÿ�÷7ñZ�
��¤ ¤ SUnpN�O V �QÕ¼F	G¾��ÖÀ¢8Y8SI�WRsY8SUVQY8K�Z|Y8SURDZ6N�SIY���Y8KMRTY8SUnIO V �XN�Y�ZmRTK�oqV¥Zar?Y8KDZMoqnIY8V�µ¼l+u O npZaY�Z;o�O�{7�WY8RTK�o��WY8V
�bY8�WY@V)N�SIYt�£o�u SvN	SUR�}o�RsN�Y8KÀY8KM¢8Y@O �WRTY8V�[¥]`_�Y�Z|LWV Y8V�O V¥NAoqV¥N�Y8KMY@K�ZaY@SUR�ZÀN�SUY`³MY8V SU�bY8V�Ë�N�Y8KTY8V)z5Y8Ka]



0+�:0 #%���Í�
97�����7=5
�²±=5
)97������=5
����82�3���
)���	�¯Â �� 979��	
A!���� d B������8=5
�� �5�

{�oqnInvZ|RMY8SInvw�x Y8V�Ë�N±Gªx�G�ZaL�©�Lbx nÀN oWZ-��nUY8P	RMKTLWV"oqnpZ�o�O5wyx N obZ^J�L?ZaSIRMKTLWVÑSIVÑN�Y@VÑ�£Y@RMY8P	RMLbKMY8V)l+SIR
x SIV KMY8SpwyxQY8V5NÝr	SUY8nIY8V�_�Y�ZTZaO VQ�WY8V'N�Y�Z;Zau5Y8¢@S¦«¡ZTwyx Y@VA��V Y@KM�WSIY8r?Y8KTnUO5Z|RMY�Z<V5oWw�x �WY@©\SUY�Z|Y8V�©�Y8KDN�Y8V�G
�£SIY6Z|LmY@KMl+SIRMRMY@nURMY\�bY8LWl�Y8RMKTSvZMw�x Y��£P	¢8Y8uQR�oqVQ¢Ø¤5Y8RTK�}o��WR�w8o�G	§?��c�G

p [ GeV/c ]
0
ò

10 20
ó

30
ô

40
õ

50
ö

60
÷

E
in

tr
äg

e

0
ò200

400

600
÷800
ø1000

1200

1400

1600

1800

2000
ó2200

PT
ù  [ GeV/c ]

0
ò

0.2
ò

0.4
ò

0.6
ò

0.8
ò

1 1.2 1.4

E
in

tr
äg

e

0
ò

200

400
õ
600
÷
800
ø

1000

1200

1400

ä\å å æUçpè�é ê	ëE¦�íûú ��ÿ�ó��7òÔ
©ï�ðy÷�
¾ÿü§/õiø\ú7
 ð��7õ¾ÿ�óS�¹?õ¾ó��8ñ�º�ývø���ú�
¾ñ7þ�ò|÷���ò|õ�
iúqó�ö�ô�ò|÷�þ�
¾ò?���7÷�ÿ�ó�
7î�ÿ�ñ7õ���÷7ÿ�ó!
:î ð�ðy÷7ò�ð�úqñ�ô�ò|ø ÿWò|÷ Àpð�
�
	ô�ò|ñ�¨7
���ò|ñ�ÿ�ó�ñZ�½�ò?�¼ï��7ñZº�»5ò|÷	�7ò|õ�
¾ú�ó�ö�ô�ò|ñ%�7÷¼ð�ó�ñ�þ�ò|÷�ñ�ð�
¾ò|óhývøÁ��ú�
¾ñ�ò|ñ¡ôqò|÷�þ�
¾ò?���7÷�ÿ�ó�
7î�ÿ�ñ7õ���÷7ÿ�ó!
:î ð�ðy÷7ò�ð�úqñ�ô�ò|øÿWò|÷ Àpð�
�
?ô�ò|ñ5¨7
���ò|ñ�ÿ�ó�ñZ�
�£¤ ¤QSUnvN	O V �;Õ�F�G¿§	Ö�¢8Y8SI�WR@ËWN o�Ô<V5oWw�xsN�Y8K�_�LbV�RTY�]T��oqKMnIL6k?SIlmO npoqRTSULWVÀN�SIY\l+Y8SpZaRMY@V<��nUY8P	RMKTLWV Y8V;OQV5N
J
LßZaSURTKMLbV Y8V�oqO5Z�N�Y8l z5Y@Ka{�oqnIn N	Y�Z�[¥]`_�Y�ZaLbV5Z�SUl µ¼l+uQO nvZ|¤�Y@KMY8Spwyx<P	nUY8SIV Y8K®�W�Ó·�Y8�TH�w�nUSIY8�WY@V�GW��oWZ
_hoq�	SUlsO l�N	Y8K���K�oqV¥Zar?Y8KDZMoqnIY8V SIl+u O npZar?Y8KTRMY8S¬nUOQV �\nUSIY8�WR�¤5Y8S5��Ëª§;·£Y@�9H�wWËßN�Y8K�l+SIRMRTnUY8KTY��CKDoqV5Z|r?Y8Ka]
ZMo�nUSIl+u O npZ � u�����nISUY8�bR\¤5Y8S���Ëi¶�´s·£Y@�9H�wWG



� 0 0 1�� 2�3546�	�7�+�8�	9:���	
����;$<��=5>?���8�@���7
)���	�q
�B��-����
���=5979��7�8�7=5

�	


}�~Ô}�~Ô} ç�Þ�énêEæ�Ö Ø+Þ�Û�ÚèÚÜÖ����
	EÙvé �
����� çRãAá Û�	hÙÌæ�æ
��lÞ��O�{�ZMw�x nUOQÔ+}O ¤5Y8K�N�SIY\f�LWV	R�o�l+SUV¥oqRMSILWV&N�Y8K�Z|Y8nUY8P	RMSIY8KMRTY8V<��nUY@P�RTKMLWVQY8V;O V5N;J
LßZaSIRMKMLbV Y8V;O V	RMY@K
o�V5N�Y8KTY8l N�O K�w�x�×�obN�KMLbV Y8V�¢8O�¤5Y8P?Lbl+l+Y8V%Ë�lsO ÔWRTY;Y8SUVQYtN�Y8RDoqSUnInUSIY8KMRTY8KMYsk?SUlsO nvo�RMSILWVÍr?Y8KM©�Y8V�]
N	Y8Rh©�Y8KDN�Y8V�G�×£SUY@KM¢8O"©\O K�N	YáY@SUV Y�k?SUlsO npoqRMSILWV � V5oWw�x�N�Y@l �<�����ØkW]`_�L	N�Y8nInÀN�O K�w�x �bY�{�}O x KTR
" ÌÝY@K�¯ j &¼G���oWZ+�<�����<kW]|_�L	N	Y8nUn\nISUY�{7Y8KTRsoqnpZ+��KMY8SI�WV SpZ`]Tk?SUlsO nvo�RMLbKsN�SUYXJÒx¥oWZaY@V K�o�O lmr?Y@KMRMY@SUnUOQV �
o�nUnIY8Kh��Y8SUnpwyxQY8V�Ë�N�SUYÏ¤�Y@S6Y8SIV Y8Khf�Y8KTV�]`fÚY@KMV�]`f�LWnUnISvZ|SULWV"Y8V	R�Z|RMY8x Y@V�G���obwyx¥N�Y8l N�SIY���Y8KMRTY8SUnIO V�]
�bY8VÏoqnUnIY8K��CY8SInvw�x Y8V5Z|u5Y8¢8SUY/Z�r?LWKMnISUY8�bY8V�Ë5©\SUKDNhN oWZ���Y8KMx¥oqnURTY8VhN	Y8K<��Y8SUnpwyx Y@V�SUVÍN	Y8VÍ�£Y8RTY8P�RTLWKTY8V
l�SURsN�Y8l JÒKTLW�bK�oql�l+u5oqP?Y@R+·���������Z|SUlsO nUSIY8KMR)" ·�Y�oW¯?´�&�G��£SUYÍk?SUlsO nvo�RMSILWV�N�Y/ZmZ|u�Y@¢8S¦«¡ZTwyxQY8V
��V Y@KM�WSIY8r?Y8KTnUO5Z|RMY�Z�©\O KDN�YtN�O KDwyxÏY8SUV Y�J�o�K�oql�Y8RMKTSvZaSIY8KMOQV �tV5oWw�x�Î�KMSpoqVAÐ¡obZaSIO PÝr?LbKM�bY8V LWl�l+Y8V
"¾Ð¡oWZ j ´0&¼G\k?L�©\oqKtY�Z+lÍ}Lb�WnISvw�x�Ë�k?u5Y8P	RMKMY@V"N�Y�Zml+SIRMRTnUY8KTY8V��ÒVQY8KM�bSUY8r?Y8KTnUO5Z|RMY�ZsN�Y8K½�CY8SInvw�x Y8V�¢8O
�bY8©\SUVQV Y8V�G5�£SIY�ZaY<P?LbV V�RTY8VtN o�V V�¢@O K��CY@SUnvw�x Y8VQSvN�Y8V	RMS¬«5PboqRTSULWVsr?Y8KT©�Y8V5N	Y8R�©�Y8KDN�Y8V�G

��nvZ£¸�O5oqnISUR/}oqR�Z|P�KTSURTY8KMSIY8Vm©\OQK�N�Y8Vt{7LWnI�WY8V5N	Y6Î�Y/N�SUV �bO V �bY8V-oqVhN	SUY6k?uQO KMY8V-�WY�Z|RMY8nInUR@Ù

Ó µ`l�u O nvZ�u�� §?�+·�Y8�9H/wÓG
Ó �£¤5ZaRDoqV5N-N�Y8K<k?u O KTY8Vtr?LWl­×�oqO u RTr?Y8KMRTY8�sSUVhN	Y8K��
o�KM�bY8RMY8¤5Y8VQY��Ñ¶sw�l SIVtx LWKTSU¢8LbV�RDoqnUY@K
�ÉSpwyx	RMO VQ�;O V5N��ÑFsw�l SIV+r?Y8KMRTSUPboqnIY8K\�\Svw�x	RMO V �QG

Ó _�SUV5N�Y/ZaRMY@V5Z\FW�+��nUO5Z|RMY8K\SIVt�<�\J���HWË �<�\J���F;O V5N�_h�\J���G
kßL;P?LWV V	RMY�Y@KMl+SIRMRMY@nUR�©�Y8KDN�Y8V�Ë	©�Y8npwyx Y���Y8SInvw�x Y8V�N�O K�w�xtN�SIY<oqVQ�WY8©~oqV5N�RTY8V-f�KMSURTY8KMSIY8V�ZaY8nIY8P�RTSUY8KTR
©\OQK�N�Y8V%G
��SUYt��Y8KMRTY8SUnIO V �WY@V�N�Y�Z;µ¼l+u OQnvZaY/ZmÕ¼��¤ ¤ SUnpN�O V ��Õ�F�Gi¶�Ö<nUSIV PQZyÖ<O V5N�N�Y�Z6RTK�oqV¥Zar?Y8KDZMoqnIY8V�µ¼l+u O npZ`]
Y/Z Õ��£¤ ¤ SInvN�OQV �)Õ¼F	G¾¶?ÖmKTY�w�x�RDZyÖ½}oqx V Y@nUV"N�Y8V"��Y8KMRTY8SUnIO V �bY8V)N�Y@KtoqO�{ÓN�Y8V"��o�RMY8V"¤5obZaSUY@KMY8V5N	Y8V
_�LbV�RTY�]T��oqKMnILq]Tk?SUlsO npoqRMSILWV�Õ¼ZaSIY8x Y~�£¤ ¤ SInvN�O VQ�;Õ¼F	G¿§�ÖTÖ�G?µ¼VsN�SIY�ZaY@K�k?SUlsO npoqRMSILWV<©\o�K�oqO¥wyx;Y8SIV Y��£¤�]
ZTwyxC}oqRM¢@O V ��N�Y8K\��V ¢�oqxQn�N�Y8K\N	O K�w�x-N�SUY<��Y8RMY8P	RMLbKMY8Vt�bY8�?o�V �WY8VQY8Vh��nUY@P�RTKMLWVQY8V+O V5NtJ
LßZaSIRMKMLbV Y8V
o�O5Z6N	Y8l z5Y8K|{�oqnIn�N�Y/ZØ[ ]|_�Y/ZaLWV¥ZÚl }LW�WnISvw�x�Õ��£¤ ¤ SInvN�O VQ�hÕ¼F	G¾c�ÖTÖ�G��£SIY;l+Y8SvZ|RMY8V-��nUY@P�RTKMLWVQY8VhO V5N
J�L?ZaSIRMKTLWV Y8VÍ©�Y@K�N�Y8V-SUVÍN�Y@K£�<�\J���HsN�Y8RTY8P	RMSUY@KMR8G5��SUY;��V ¢�oqxQn�N�Y8K�ZaY8nIY8P	RMSUY@KMRMY@V���Y8SInvw�x Y8VtO V5N
NQoWZm��Y8KTx�}oqnIRMV SpZ6N�Y8KsO V	RMY8KDZMw�x SUY/N�nUSpwyx Y@VÍZaY8nIY8P�RTSUY8KTRMY8V��CY8SInvw�x Y8V�¢@O Y8SUV¥oqV5N�Y@K8Ë�Z|SUV5N�SUV���oq¤5Y8nUnIY
Õ�F�GIHqÖ~oqO�{7�bY�{�}O x KTR8G

� ñ�õ¾òÌ§8õ¾ø\ú�
¬ð���õ¾ÿ�ó�óbð��¼ï�ô�ò|ø »�þ���ü�§¯
©�Úÿ@ôqò?
�
	ú�ó�ô�ô�õ¾ò�ðyó�ñ��¼ï�
¾ò|õ¾ñ�ñ7ò|ó�ôqòüñ
ò?��ò?���7ÿ�÷�ñ7õ¾ø\ú�
¬ð���õ¾ÿ�ó\ø�õ��+�vþ�ª��%�� ú�÷7ô�ò þ�ÿ�ó£þ�ÿ�óÜ��ïqÿ�ø�ðyñ5ü�
�
¾÷7õ��¼ï�ðyó�ô�ò|÷��/ª5¹£þ³
pü
ó�õ¾þ�ò|÷�ñ7õ�� �\õ¾ó��
ò � � ðMþ�òaó£¾¬ï/�tü5§�ªÝô�ú�÷	��ïqö�òÃÀ ûúqï�÷��Z�



0+�:0 #%���Í�
97�����7=5
�²±=5
)97������=5
����82�3���
)���	�¯Â �� 979��	
A!���� d B������8=5
�� �	�

p [ GeV/c ]
0
ò

5
ö

10 15 20
ó

25
ó

30
ô

35
ô

40
õ

E
in

tr
äg

e

0
ò

100

200
ó
300
ô
400
õ
500
ö
600
÷

PT
ù  [ GeV/c ]

0
ò

0.5
ò

1 1.5 2
ó

2.5
ó

3
ô

3.5
ô

4
õ

E
in

tr
äg

e

0
ò

100

200

300
ô
400
õ
500
ö
600
÷
700
!800
ø

ä\å å æUçpè�é ê	ëE¦�í#" »5þ��
ü5§���ÿ8ô�ò?
�
 �¹?õ¾ó��8ñ�º�ývø���ú�
¾ñ7þ�ò|÷���ò|õ�
iúqó�ö�ô�ò|÷�þ�
¾ò?���7÷�ÿ�ó�
7î�ÿ�ñ7õ���÷7ÿ�ó!
:î ð�ðy÷7ò�ð�úqñ�ô�ò|ø ÿWò|÷ Àpð�
�
	ô�ò|ñ�¨7
���ò|ñ�ÿ�ó�ñZ�½�ò?�¼ï��7ñZº�»5ò|÷	�7ò|õ�
¾ú�ó�ö�ô�ò|ñ%�7÷¼ð�ó�ñ�þ�ò|÷�ñ�ð�
¾ò|óhývøÁ��ú�
¾ñ�ò|ñ¡ôqò|÷�þ�
¾ò?���7÷�ÿ�ó�
7î�ÿ�ñ7õ���÷7ÿ�ó!
:î ð�ðy÷7ò�ð�úqñ�ô�ò|øÿWò|÷ Àpð�
�
?ô�ò|ñ5¨7
���ò|ñ�ÿ�ó�ñZ�

Detektor ID
0
$

2 4 6
%

8
&

10 12

E
in

tr
äg

e

0
$

500
'

1000

1500

2000
(
2500
(

ä\å å æUçpè�é ê	ëE¦�í#) ª�ó�ùTðyï�
±ô�ò|÷�ô�úq÷��¼ïsô�õ¾òÁñ
ò?��ò?���7ÿ�÷�ò|ósö�ò|ö@ðyó�ö�òaó�ò|ó þà
iò�����÷7ÿ�ó�ò|ó;ú�ó�ô+î�ÿ�ñ7õ���÷7ÿ�óqò|ósð�ú�ñ ô�ò|øÿWò|÷ Àpð�
�
�ô�ò|ñ�¨7
©�Úò|ñ7ÿ�ó�ñ�¾8ð�ú�ÀUö�ò?��÷�ð�ö�ò|ó ûú�ýWò|÷5ô�õ¾ò�ñ
ò?��ò?���7ÿ�÷/ý�ñp�+* ñ
õ¾ò�ÿWú�ÿ8ô�ó8ú�ó�ö ù � õ¾ñ��¼ï�ò|ó�ý�ñú�ó�ôTñ
ò?��ò?���7ÿ�÷�õ¾ñ��
ö�ò|ø ûð�ñ�ñ�ô�ò|÷Ì�Ìþ�ª,���Cñ
ò.-bó�õ���õiÿ�ó0/Üý�ñ214351%»���î'ï2306�ý�ñ212781%»���î´ï�76�ý�ñ912:;15� ��î'ï�¹�6�ý�ñ21,<=1�����î'ï�½,>



�	� 0 1�� 2�3546�	�7�+�8�	9:���	
����;$<��=5>?���8�@���7
)���	�q
�B��-����
���=5979��7�8�7=5

�	


� �@? �T* ?BA ��k?Y8nUY@P�RTSULWV Y g � Y ÷ x x � Y x/HßÕ¼x � YqÖ
ÌDCFEHG §QË j c c�Ëi� j HbHWËi�Wc �	Ë¾¶Wcb�
ÌDCFE�I ¡KJ ��� §QË¦´ j ��Ëic j ¯	Ë¿§ß¯ �	Ë¿§?�b¶
ÌDCFEML~�Sa j ¶NI ¡OJ2PRQ ¶	Ë¾�b¯ FW¯	Ë¾¯bc ��§ ËiFq§ �	Ë¾¯q§ß�
ÌDCFEML�H-a��b¶NI ¡OJ2PRQ �	Ë¾� j ��Ëª§?� �	Ë¾¯bF �	ËUHWH@�

Ã � Ä���9797� 0+��� �£SIY;l+SURTRMnIY8KMY<��V ¢�oqxQn�N�Y@K<ZaY8nIY8P	RMSUY@KMRMY@V���Y8SInvw�x Y8Vtu KML-��KMY@SU�WVQSvZ£O V¥N�� Y@KMx�}o�nURa]
V SpZ;N�Y8KsZ|Y8nUY8P	RMSIY8KMRTY8VÏ�CY8SInvw�x Y8VÍ¢8O Y8SIV5oqV¥N�Y8KØ{y}OQKmr?Y8KDZMw�x SUY/N�Y8V Y+k?Y@nUY8P	RMSILWV5Z|P�KTS¦]
RTY8KMSIY8V�G5��obwyxXN�Y8l­�<�����ØkW]`_�L	N�Y8nIn±O V¥NhN�Y8K<·�������� ]|�£Y@RMY8P	RMLbK�ZaSIlmOQnvoqRTSULbV�G
�£nInUY�ÌÍY8KTRMY<o�O�{�Y8SIV���KTY8SU�bV SvZ�V LWKTl+SUY8KTR8G

��SUY;k?u5o�nURMY@V�}O ¤5Y8K�ZTwyxQKMS¦{7RTY8VtN�Y@K��
o�¤�Y@nUnUYÀZ|SUV5N+©\SUY�{7LbnU�WR\¢@O^r?Y@K�ZaRTY8x Y8V%Ù
� ��? �9* ?BA ��k?Y8nUY@P�RTSULWV%Ù5�£SUY<{�}O K<N�SIYmk?Y8nIY8P	RMSULbV-N�Y8K<f<oqV¥N�SvN o�RMY8VÍN	O K�w�xhN�Y@VhZau5Y8¢@S¦«¡ZTwyx Y@V�l+SIRa]
RTnUY8KTY8V-��V Y8KM�bSUY8r?Y@KMnUO¥ZaR�r?Y8KM©�Y8V5N�Y@RMY8Vtf�KTSURMY@KMSUY@V�G k?R�o�V5N oqKDN�©�Y@KMR�N�Y8K�k	w�x K�o�V P?Y9� Ì CFEHG ¢
Y g � Y ÷ Ù5�£VQ¢�oqx n%N�Y8K�Z|Y8nUY8P	RMSIY8KMRTY8V��ÒnIY8P	RMKMLbV Y8VtO V5NtJ
LßZaSIRMKMLbV Y8V�G
x%Ù5�£V ¢�o�x n�N�Y8K�Z|Y8nUY8P	RMSIY8KMRTY8V�×�oWN�KTLWV Y@V�G
x � Y?Ù��£V ¢/oqx n®N�Y8K<Z|Y8nUY@P�RTSUY8KTRMY8V-×�obN�KMLbV Y8V � ��nUY@P�RTKMLWVQY8VhO V5NhJ
LßZaSIRMKMLbV Y8V�Õ�� �£V ¢�o�x n�N�Y@K
f<o�V5N�SvNQoqRMY@V±Ö�G
x+H?Õ¼x � YWÖDÙ�� Y@KMx�}o�nURMVQSvZ�r?LWV�×�oWN�KTLWV Y8VÏO V5N�×�obN�KMLbV Y8V � ��nUY@P�RTKMLWVQY8V�O V5NÏJ
L?Z|SURMKTLWV Y@V�N�SUY/Z
Y@V�RDZau KTSvw�x�R~N�Y8K�f�LWV	R�o�l+SUV5o�RMSILWVtN�Y@K�fØo�V5N�SpN oqRTY8VhN�OQK�w�x�×�oWN�KTLWV Y8V%G

��oWZÉkßY8nUY8P	RMSILWV5Z|P�KTSURTY8KMSIO l {y}O K�N�SIY��CY8SInvw�x Y8VÀ©\oqK@Ë?V Y8¤5Y8V�N�Y8VsLW¤5Y8V+Y8KT©À}oqx V	RMY@V+¸£O¥oqnUSIR�}o�R�ZaP	KMSIRMY�]
KTSUY8V%Ë?N�SUY�O V	RMY8KTY�k	w�x K�o�V P?Y\SUlãk?u5Y8P�RTKMO lãN	Y�Z�l+SURTRMnUY@KMY8VÀ��V Y8KT�WSUY@r?Y8KMnIO5ZaRTY�Z Õ�oqO�{®N	SUY�_�Y8RTx L	N�SUP
©\SIK�N+SUV-f<oquQSURMY@n�§ G¿§;Y@SUV �bY8�?o�V �WY8V¡Ö�G
��nvZ�O V	RMY8KTYÑk	wyxQK�oqVQP?Y)©\O K�N�Y N�Y8K)k	w�x V SIRMRTu O V P	R�¢8©\SpZMw�x Y8VãN�Y8K�J�SULbV Y8V�]ÍOQV5N ��nUY8P	RMKTLWV�]
��Y8KTRMY8SInUO VQ�WY8V'N�Y�«5V SIY8KMR@G�µ¼l ©�Y@SURMY@KMY8V�©\SUKDN)N�SUY/ZaYhÌÏoqx n<o�nvZ^kßR�oqV¥N oqKDN�©�Y8KTRt¤�Y@¢8Y8Svw�x V Y@R8G�µ¼V
��oq¤5Y8nInUYÍÕ¼F	GUH�Ö6©\SIK�N�N�Y8K+k?RDoqV5NQoqK�N	©�Y8KTR+N�Y@K+k	wyxQK�oqVQP?YtoqnpZÓÌDCFESG
¤5Y8¢@Y8Svw�x V Y8R@G��£Y8K;ÌÍY8KMRsN�Y@K
k�wyx KDoqV P?Y\©\OQK�N�Y\O l ¶�c�SIl kßu�Y@P�RTKMO l N�Y�Z�ZaSIlmO nISUY8KTRMY�V<l+SURTRMnUY@KMY8V<��V Y@KM�WSIY8r?Y8KTnUO5Z|RMY�Z�rboqKMSISUY8KTR8Ë
OQlãN�SUY�k?Y@V5ZaSIRMSUr	SUR/}oqR�N	Y8K���Y8SUnpwyx Y@V5oqV ¢/oqx nQoqO�{®N	SUY\ÌÏoqx n¡N�Y�Z�k	wyxQK�oqVQP?Y8V�©�Y8KMRTY�Z�¢8Om¤5Y�Z|RMSIl+l+Y8V�G
¨ }O K�N�Y8V�kßR�oqV¥N oqKDN�©�Y8KTR\Y8KM�bSU¤ R~ZaSpwyx�oqnpZ�l+SURTRMnUY@KMY\��V ¢�oqxQn�N�Y8K~ZaY8nIY8P	RMSUY@KMRMY@Vs�CY8SInvw�x Y8V#G H@F6¤�Y@S
Y@SUV Y8l­��Y8KTx�}oqnIRMV SpZÉ¢8©\SpZMw�x Y8VÍ×�obN�KMLbV Y8VhO V¥NÝ×�obN�KMLbV Y8V � ��nUY8P	RMKTLWV Y8VhOQV5NhJ
L?Z|SURTKMLWVQY8VÝr?LbV
�	Ë¾¶bcS¥¡N�SUY�Z�Y@V�RDZau KTSvw�x�R�Y8SUV Y@K�fÚLbV�RDoql+SIV5oqRTSULbV+r?LWVXw8o�G5¶bc�c ×�oWN	KMLWVQY8V�SIV�Z|Y8nUY@P�RTSUY8KTRMY8V�f<oqV5N�S¬]
NQoqRMY@V�G��£SIY�ZaYÀÌÝY8KTRMYsZ|RMY8SI�WY8VXZaR�o�KMPXoqV�Ë±©�Y8V VÍN�SIYmk	w�x KDoqV P?YÀO l ¶Ac ¢8O-V SUY�N	KMSU�bY8KMY@V�ÌÍY8KMRTY8V
r?Y@K�ZMw�x Lb¤�Y@VA©\SUKDNAO V5Ná{�o�nUnUY@V)ZaRDoqKTP)oq¤%Ë�©�Y8VQV"N�SUYÍk	wyxQK�oqVQP?Y^OQl ¶�c ¢8OAxC}LWx Y8KTY8V)ÌÍY8KMRTY8V
r?Y@K�ZMw�x Lb¤�Y@VÝ©\SIK�N±G®��o�N obZ6_ho���SIlmO l N�Y8KÀµ¼l+u O npZar?Y8KTRMY8S¬nIO V ��N�Y8K;��nIY8P�RTKMLbV Y8VÍO V5N�J
LßZaSIRMKML�]
VQY8V�oqO5Z;N�Y@l z5Y8K|{�oqnIn\N�Y�ZÀ[¥]`_�Y�ZaLbV5Z6SUl Î�Y8KTY8Svw�xh¢8©\SvZTwyxQY8V)H�·�Y8�9H/wmO V5N�FW�Ý·�Y8�TH�wmnISUY8�bR
Õ��£¤ ¤ SInvN�OQV �AÕ�F�Gi¶�ÖMÖÀO V5N�N�SUY-J
LßZaSIRMKMLbV Y8V�¤ ¢8©<G���nUY8P	RMKTLWV Y@Vá¤5Y8S�x Lbx Y8V)µ¼l+uQO nvZ|Y8VÝSIl k?u5Y8P?]
RTKMO l N�Y/ZÉl+SIRMRTnUY8KTY8Vs��V Y8KM�bSUY8r?Y@KMnUO¥ZaRMY/Z SUl�l+Y8K�©�Y8VQSU�WY@K\O V�RTY8K�ZTwyxQY8SvN�¤¥oqK�r?LbVhJ�SULbV Y8V-©�Y8KDN�Y8V�Ë
©\OQK�N�YÀN�SIY£l+SIRMRTnUY8KTY��£V ¢�o�x n¡N�Y8K\Z|Y8nUY@P�RTSUY8KTRMY8V��CY@SUnvw�x Y8V;uQKMLs��KMY8SI�WV SpZ O V¥N+N oWZ���Y8KTx�}oqnIRMV SpZ�N�Y@K
Z|Y8nUY@P�RTSUY8KTRMY8Vt��Y8SInvw�x Y8Vt¢8O Y8SIV5oqV¥N�Y8K\V5obwyxh��Y8KT©�Y8K|{7Y8V+r?LWVX�CY@SUnvw�x Y8Vtl+SIR�Y8SIV Y8l­µ¼l+uQO nvZ��bK�}LWÔbY8K
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FW�Ý·�Y8�TH�wmY8KTl+SURTRMY8nIR8G5ÌÝY@V V�N�Y8KmkßR�oqV¥N oqKDN�©�Y8KTR6{�}O KsN�SIY�k	w�x K�o�V P?Ym�bY�ZaY@RM¢8RÀ©\SUK�N�r?Y8KTKMSIV �WY8KTR
ZaSpwyxsN	SUY��£V ¢�o�x n5N�Y8K�Z|Y8nUY8P	RMSIY8KMRTY8V;��Y8SInvw�x Y8V;o�O�{�Y@Ra©~o j G	�£SUY�f�LbV�RDoql+SIV5oqRTSULWVsN	Y8K�fØo�V5N�SpN oqRTY8V
N�O KDwyx&×�oWN	KMLWVQY8V;r?Y8KMKTSUV �bY8KMR�Z|Svw�x;o�O�{¡w8o	Gq§ß��c�G?¨�}O K®N�SUY�©�Y8SIRMY8KTY8VÀ�£V	RMY8KDZaO5w�x�OQV �WY8V<LbKMSUY@V�RTSUY8KTRMY
lto�V�Z|Svw�xho�VhN�Y8VhÌÍY8KTRMY8V�Ë5N	SUYÀZaSpwyx-V5oWw�x���Y8KT©�Y8K|{7Y8V+r?LWVX�CY@SUnvw�x Y8Vtl+SIR�Y8SIV Y8l­µ¼l+uQO nvZ���FW�
·�Y8�9H/wÓY8KT�?o�¤�Y@V�G���oWw�xÍN�SUY/ZaY8K6kßSUlsO nvo�RMSULbV�x�}o�V �WY@V�N�SUY;ÌÍY8KTRMY6{y}O KÀN�SIY;l+SURTRMnUY@KMYÀ�£V ¢�o�x n�N�Y@K
ZaY@nUY8P	RMSIY8KMRTY8VÀ�CY8SInvw�x Y8VÀO V5NsN�Y8lÞ��Y8KTx }oqnIRMV SpZC¢@©\SvZMw�x Y8Vs×�oWN�KTLWV Y8VsO V5Nsf<oqV5N	SvN o�RMY8VsZ|Y8x K�ZaRDoqKMP
r?LWV�N�Y8l ÌÍY8KTR�N	Y8K\k	wyxQK�oqVQP?Y�oq¤�GQ�£Y�Za©�Y8�WY@VmlÏ}O¥ZMZaY@VsN�SUY��£OSY®}LßZaO VQ�6lto���SIl+SUY�KMR�O V5NsN�SUY�ZaÊQZ`]
RMY@ltoqRTSvZMw�x Y8V�¨ Y8x nIY8K�l+SIV SUl�S¦Y@KMR�©�Y8K�N�Y@V�G Ì)SUKDN½r?LbV-N�Y8Vhk?R�o�V5N o�K�N�©�Y8KMRTY8VhN�Y@K�k	wyxQK�oqVQP?YØOQV5N
Y8SIV Y8KÀÎ�Y�ZMw�x K/}oqV P	O V �-oqO	{��CY8SInvw�x Y8Vhl+SIR�µ¼l+uQO nvZ|Y8Vh�WK/}LWÔWY@K;FW�Ý·�Y8�TH�wsoqO5Z|�WY8�ßoqV �bY8V�Ë�ZaLXZaSIV5N
SUl _�SIRMRTY8n�¶Wc	Ë¾¶Ac N�Y8KÀ��Y8SUnpwyx Y@VÍ�ÒnIY8P	RMKMLbV Y8V�¥�N�SIY�ZØY@V�RDZau KTSvw�x�R�Y@Ra©~ot¶Ýk?u O KTY8V�u KTLh��KMY8SI�WV SpZ�G
��obwyxÏ�£P	¢8Y8u RDoqV ¢�]�OQV5N��
¹+¢@SUY8V ¢@¤�Y@RMK�obwyx	RMOQV �WY8VhY@KM©\o�KMRTY8R<ltoqVÍY8R|©\ot��Ëi�W�h��nUY@P�RTKMLWVQY8VÝOQV5N
J
LßZaSURTKMLbV Y8V�Ë®N�SUYto�O5Z;N�Y8l z5Y8K|{�oqnUn~N�Y�ZÀ[¥]`_�Y�ZaLbV5Z;ZaRDoql+l+Y@V�G���o�K�oqO¥ZÓn`}oqÔWRsZ|Svw�x�oq¤¥ZMw�x�}oqRT¢8Y8V�Ë
N o�Ô^P?Y@SUV Y�Z¼{�oqnInvZ�l+Y8xQK�oqnvZ���Ë¾¶��ÒnIY8P	RMKMLbV�O V¥NhJ
L?Z|SURMKTLWV Y@VÍoqO5ZØz5Y@Ka{ }oqnInUY8V-r?LWV-� Y@P�RTLWKMl�Y�ZaLbV Y8V
¤5Y8LW¤¥oWw�x�RTY8R\©�Y8KDN�Y8VtP%}LWV V Y@V�G
k?LtPboqV VÏ¤�Y@KMY8SIR�Z£SIVÍN�Y8K;k?SUlsO npoqRMSILWVt�WY/ZMw�x nULßZMZaY@VÝ©�Y8K�N�Y@V�Ë�N o�Ô^¢@O5Z8}o�RM¢8nISvw�xh¢8O l ��V�RTY8KM�bKMO V5N
oqO¥Z\×�oWN�KTLWV Y@V+Y8SUVsY8KTx Y8¤ nISvw�x Y8K®�£V�RTY8KM�bKMO V¥N+oqVt��nIY8P�RTKMLbV Y8VsO V5N+J
LßZaSIRMKMLbV Y8V�Ë	r?LWKTx5oqV5N	Y8V+SvZ|R8G
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RTLWV Y@Vá¢@O�SvN�Y@V�RTS¦«5¢8SIY8KMY@V�Ë±Z|LWnInUY8VÍSUV�NQoWZmk	������]|���	u�Y@KMSUl�Y8V�R�Y8SUV �bY8¤ KDoWw�x�R<©�Y@K�N�Y8V%G
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�bY�ZMw�x5o!4¡Y8Vs©�Y@K�N�Y8V%ËWV�OQK�Z|Y8nURTY8V Y<z5Y8Ka{D}o�nUnIY�¢8OsKMY8�bSvZ|RMKMSIY8KMY@V;L	N�Y8K\��KTY8SU�bV SvZTZaY�¢8O
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©�Y�ZaY@V�RTnUSvw�x Y���V�RTY8K�ZTwyx SIY�N�¢8O l����?]
u5Y8KTSUl+Y@V�R~���£§ j ¤5Y�ZaRTY8x	R�N o�KMSIV�Ë±NQoqÔ+Y�Z�ZaSpwyx-¤5Y8S�N	Y8l k	����������u5Y8KTSUl+Y8V	R�OQl Y@SUVmlÌ>onpnfqsrS;�:�]
���	u5Y8KMSIl+Y8V	R;x5oqV5N	Y8nUR@G���obZ+x Y8SUÔbR8Ë\NQoqÔ�r?LbV)¤�Y@SvN�Y8VÑkßY8SURTY8V)N�Y/Z+�£Y8RTY8P�RTLWKDZmY8SUV"k?RMKDoqx n�l+SUR
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�B�¡ £¢¥¤=¦o¦¨§ª©«¢F�=¬K¢®­¨¯ °²±�³�´¶µF�¸·¹�º�¡ p»ª¼4½p�¡ fµR¾.¿o»��¡»À�B¢5ÁU­¨¬�½�¯� p¢��¡ £»��¡Á^±2»��=ÁFÂo £�¥ÃB¿o»�¤=ÄoÅ
Æ��¡ÇÉÈÊ´0Ë�ÌO½p�¡¿�»NÍ¡Ë�Á4Ç��¡Á«ÎÐÏË�ÂoË�»�Â G ¾.»�Í¡�¡»O¢FÁÑ­¨½p�=»�Ò.ÓRÔU·2ÕMÖ�Ò.ÓRÔU·2ÕKµØ×Ù¿�½p½£ s©« £¿o»��=»�Õb�¡ �ÚK £�+©«�=»�±2»��¡ÁFÂ� p�¡»
Û  pÁÑÚÜ £¯ÀÝb�¡»O¢FÁFË�¯ÞÚK�¡Á�×@¿o½p½£ s©R p¿o»XÚK p�~ÌOË�ÁFÍ8ÎSÁF s©R¢F £Âo��ß0Ëb©RÕ� p½àÚKË�»�Âá�¡ p»��+©Ùâ�Ëb­+ÁFÌBµFÆ�½£Ë�¿o»KµØ·2½s­�©«¯�­�©ã â~Æ�·4ä��¡Á Û ­¨ÁF¢5�¡¢ Gæå  p�+©R�+©@Í¡�¡ÁRÎÑÏ­¨½p½£¢çÏË�Õè�=ÁÉ�¡ £»��¡»�·2¬b­o©R�¡»9ÏË�Õb�¡Á5ÂB­+»�Â� p»��¡ £»��i¬b­�ÚK¿o»� à©FéU¬��ç·ê¬ë­o©«� G�B¿�½séU¬��¡ p»ì·ê¬ë­o©«�=»2ÏË�Õb�¡ÁFÂí­¨»�Â�ÌæÏ¿o»�»O¢F��ÃB¿o»ì©«¢U­+ÁFÌB�¡»ìî,½pË�ÌO¢FËë­¨¢F £¿o»��=»�Õb�¡Âo½£�¡ p¢5�¡¢ Û �¡ÁÑÚK�¡» G9å ­¨¬��=Á©«�=¢FÍ¡¢5�4¯�­+»i©« àéÐ¬�Õb�¡ �ÚO�¡Á�·2½s­+»KË�»�Â~ÚK�+©2±2ïOðb�¡ÁF £¯��¡»O¢F�+©ñ´@ß0§B¦�Ú�­�©¹Ýb £�¡½.ò¡�= p»�Í¡�=½p»���±2Á5�¡ pÂ�»� s©5©«�vË�»Kµ
¢F�=ÁU©«ËëéÐ¬��=»ÉÍ¡Ë�Ì�Ï¿�»�»��¡» G ¼4�¡ BÍ¡�¡»O¢FÁÑ­¨½p�=»i×@�¡ÁF»OµR×@�¡Á5»KµR×@¿�½p½p à©« £¿o» Û �¡ÁUÚO�¡»É¯��=¬�Á�­¨½à© Foó�óoó~ô ­oÚOÁF¿o»��¡»ð�Á5¿OÚKË�Í¡ £�¡ÁF¢=ò+Ú�­¡ÃB¿o»~¢FÁÑ­¨Âo�=»É�¡¢ Û ­@¤=Ä ó�ó �¡½£�¡ÌO¢FÁF à©FéU¬���õñ­oÚKË�»�Â GBå  £�+©«�9¬�¿o¬��¹ß0»�Í+­+¬�½oÃB¿�»ÉÂ��¡½s­�ÚK�¡»��¡»ô ­�ÚKÁF¿�»��¡»��¡Á5¯�Ï¿oÂ�½p àéÐ¬O¢@ÚO p�ç©«¢U­+¢F à©«¢F à©FéU¬�©R pÂ�»� ÷öbÌ�­+»K¢5��¼4�+©«¢5 p¯�¯iË�»�ÂNÃB¿�»�ø�Õb©«�=ÁFÃ�­¨Õ�½£�¡»ù­¨ËKÎ�ÚK�=Á
¼v­o©R s©2�¡ £»�Í¡�¡½£»��¡Á9±êÁ5�¡ pÂ�»� s©5©«� Gíå �+©«¬ë­¨½pÕáÌ�­¨»�»çÕè�=ÁF�¡ £¢U©,�¡ £»N�= p»�Í¡�=½p»��+©�±2ÁF�¡ £Âo»� à©�Ú�­¨ÁÑ­¨ËKÎæË�»K¢5�¡ÁU©RËbéU¬K¢
Û �=ÁUÚK�¡»æò¨¿�Õ�ÚK £��ú�­¨¢5�¡ÁF £�4 p¯�Ýb�¡»O¢FÁ5Ë�¯�ÚO�¡Á�×@¿o½£½p s©R p¿�»É�¡ £»��¡»á·2¬b­o©R�¡»9ÏË�Õb�¡Á5ÂB­+»�ÂiÚKË�ÁUéU¬�½s­+ËKÎS�¡»i¬b­+¢Ë�»bÚûÚ�­¨¯ç p¢4Í=Ë�Á@×@½à­o©F©R��ÚK�¡Á�©«�¡½£¢F�¡»��=»�±2ÁF�¡ £Âo»� à©F©«�~Â��¡¬�Ï¿oÁ5¢ G î�ÏË�Á�ÚK p�Ù±ê £»�Í¡�¡½£�¡ÁF�= pÂo»� s©ØµØß0»b­+½pü�©«�� s©R¢
�+©~»�¿o¢ Û �=»bÚK pÂ�ò�¯ Ï¿oÂ�½p séU¬b©R¢~ÚK�¡»�Âo�+©5­¨¯á¢F�¡»�¬b­�ÚKÁF¿�»� s©5éÐ¬��=»�±2»bÚKÍ=Ëb©«¢Ñ­¨»bÚ�Î ÏË�Á¹ýF�+ÚK�+©~±2ÁF�¡ £Âo»� à©@Í¡Ë�¡ÁRÎþ­o©F©R�¡» G�å  p�çÚ�­ÊÎÐÏË�Á~»�¿�¢ Û �¡»bÚO pÂo�iÂ�ÁF¿�ÿo��ß0ÌOÍ¡�¡ð�¢U­¨»�Í µ�é¡­ G���ó�� ÚK�=Á@ð�ÁF¿OÚOË�Í¡ p�=ÁF¢F�=»�Â��¡½s­�ÚK�¡»��¡»
� �¡ p½àéÐ¬��=» Û �=ÁUÚK�¡»DÚO�¡¢F�¡ÌO¢F £�¡ÁF¢iµá�¡Á Û �¡ à©«¢�©R séU¬�Î8ÏË�ÁûÚK�¡»^���çÍ¡ p�=»K¢5�¡»^´@­�éÐ¬ Û �= s©iÃB¿o»D±2½p�¡ÌO¢FÁ5¿o»Kµ·,¿í©« p¢5ÁF¿�»KµR·9­o­¨Á5�¡»�­+Ëb©@Ýb�¡Á«ÎÑÏ­+½p½p�=»�ÚK�+©	��µ4¿OÚO�¡Á�
9µRú �+©R¿o»b©�­¨½à©4�¡»O¢U©FéU¬��¡ àÚK�¡»bÚ G
ß0Ëb©�¿oÕb�¡»á­¨»�Âo�;ÎÐÏË�¬�ÁF¢F�=»áß0»KÎS¿oÁÑÚK�¡Á5Ë�»�Âo�=»i�¡ÁFÂ� pÕ�¢�©R séU¬iÚK £�
�ù­¨¬�½�ÃB¿o»N�íð�Ë�ÁF�=»bÚKÁF fÎS¢FÌ�­¨¯ç¯��¡ÁF» ã �¡»Kµ
Âo½ G�� �  p¯���·2ÁF¿+ýF�+é8¢F p¿�»�°�¬b­¨¯áÕb�¡Á¡ò � ·¹°vä²­+½s©4Í¡�=»K¢5ÁU­¨½£�É�Bð�Ë�ÁUÚK�¡¢5�¡ÌO¢F¿oÁ5�¡» G �Bð�Ë�Á5�¡»bÚKÁ5 ÷ÎS¢FÌ�­+¯�¯��¡Á5»
Í¡�¡ àéÐ¬�»��¡»ç©« séU¬ûÚKË�ÁÑéÐ¬�ÎS¿o½£Âo�¡»ëÚK��ú �¡ÁFÌO¯�­¨½£��­¨Ëb© �

� å Á5�¡ sÚO p¯��¡»ë©« p¿�»b­¨½£��ÚK pÂ� p¢Ñ­¨½p�ù³�­¨Ë�¯� £»KÎS¿oÁ5¯�­¨¢5 p¿�»�òvÚK�¡Á5�¡»
Æ0ÁÑ­¨»OË�½s­+ÁF £¢+Ï­¨¢�Õb�¡  ÚK�¡ÁXß0Ëb©«½£�;µÂ�Ë�»�Â ÏË�Õb�¡Á Û �= p¢F��¼4�¡Á5�¡ séU¬���­¨»�ÚK £�~�¡ïKðb�¡Á5 p¯��=»K¢5�¡½f½p�8»�±2Á«ÎS¿�ÁUÚK�=ÁF»� à©F©«�=»�­¨»�Â��¡ðb­¨ÿ�¢ Û �=ÁUÚK�¡»ÌæÏ¿o»�»��¡» G
� Æ�ÁF¿�ÿo�+©�­¨ÌO¢F £ÃB�+© å �¡¢F�¡ÌO¢F¿�ÁFÃB¿�½pË�¯��=»NÕb�¡ �Â��¡ÁF £»�Âo�¡»��B�=ÌKË�»ëÚ Ï­¨Á Û �+éU¬b©«�=½ Û  pÁ5ÌKË�»�Âo�¡» G

å �¡Á ´@­oéU¬K¢5�¡ p½²ÃB¿o»¥�Bð�Ë�ÁF�¡»ëÚKÁF fÎS¢FÌ�­¨¯�¯ç�¡ÁF»� à©«¢��= p»��û»� p�+ÚOÁF pÂ��ûß0Ëb©«½£�+©«�=ÁU­¨¢5� G ß0Ë�ÿo�=ÁUÚK�¡¯ Û  £ÁUÚMò­¨Õ�¬�Ï­¨»�Â� pÂ�ÃB¿�»ûÚK�¡Á�×~­¨»b­+½pÍ+­+¬�½.ò��= p»�Á5�+éÐ¬O¢4Â�ÁF¿�ÿo�+© å ­¨¢5�¡»OÃB¿o½pË�¯��¡»��¡Á5Í¡�¡Ë�Â�¢ G
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¾.»ùß0Õ�Õ� £½sÚKË�»�Â ã�W G ¤+ä0ÌB¿�¯�¯á¢vÚK�¡Á�·2ÕKµ5�B¢FÁÑ­¨¬�½�ÃB¿�¯ °²±�³0´vµF�O·4��ÃB¿�»�½p £»�Ì�©�Ë�»bÚ�¢FÁF k©ñ¢É­+ËKÎ�Ú�­o©
� ­¨Á5Âo�¡¢=ò��¡ p»��á¼4½£�¡ ÷ÎS¿�½p £� ¯ç p¢��¡ p»��=Á~ú�­o©5©«�¡»OÕb�¡½p�¡Â�Ë�»�Â�ÃB¿o» FWF § ¯�ÂOÈ+é;¯ Ò G Çh¿�Á@Ë�»bÚ�¬� £»K¢5�¡Á~ÚK�¡¯
� ­¨Á5Âo�¡¢�Õb�;öb»bÚO�¡»�©« séU¬ÉÝ9Ï­+¬�½p�¡ÁñË�»bÚÉ�BÍ¡ £»K¢5 p½£½s­¨¢5¿oÁ5�¡»�ò Û �¡½àéÐ¬��2ÚK £��·,¿í©« p¢5 p¿�»ÉÚO�+©,�B¢FÁÑ­¨¬�½£�+©MÃB�¡Á5¯��+©F©R�¡»Õ�Í Û G ­¨½s© � Á5 pÂ�Âo�¡Á ÚK p�¡»��¡» G�å  £��¾.¯�ð�Ë�½s©RÕè�Ê©«¢F £¯�¯ÉË�»�ÂN�=Á«ÎS¿o½£Âo¢�ÚKË�ÁÑéÐ¬ùÚ�­�©Éß0Õ�½£�¡»�ÌB�¡»�Â��¡½s­�ÚK�¡»��=Á
� �¡ £½séU¬��¡»i p¯Z¬�¿�¯�¿oÂ��¡»��¡» å  pðb¿�½÷ÎS�¡½àÚNÚK�=Á4Õb�¡ sÚO�¡»�©«Ë�ð�ÁU­+½p�¡ £¢F�¡»bÚO�¡»NÇ��¡Á5¢F�¡ïO¯�­+Âo»��¡¢5� G ÝbË�Á²ß0ËKÎSÍ¡�;µ
 àéÐ¬�»KË�»�Â@ÚK�=Á2Âo�¡½à­oÚK�=»��¡» � �¡ £½séU¬��¡»b©Rð�Ë�ÁF�=»ÉÚO p�¡»��=»ÉÃO p�¡Á�ÂoÁ5¿oÿo�~�Bð�Ë�ÁF�¡»bÚOÁF ÷ÎS¢5Ì�­¨¯�¯��=ÁF»�ò8ÚK £�4Ç��¡ÁF¢5�¡ï
� ·4°²© ã%ªT«­¬V®°¯ Ë�»bÚ ªT«J¬J® � ä�ÚK £ÁF�¡ÌO¢@ p¯  p»�»��¡ÁF�¡»ùÚK�¡Á~Õb�¡ àÚK�¡»ùú�­¨Âo»��¡¢F�áË�»bÚ�ÚK p�áÕb�¡ sÚO�¡»
� ·4°²©û­¨Ë�ÿ��¡ÁF¬b­+½pÕ
ÚO�+©�ú�­¨Âo»��¡¢«ÎS�¡½àÚK�+© ãX±²«J¬J® � ã  p»�Ì�©ÐäáË�»bÚ ±²«J¬J®­³ ã �+éÐ¬O¢U©UäFäµ´
��Ï­¨¬�Á5�¡»bÚ
ÚO p�~Õb�¡ sÚK�=»ÜÇ��¡Á5¢F�¡ï � ·4°²©¶Í=Ë�Á�ß0ËKÎSÍ¡�= séU¬�»KË�»�Â�ÚK�¡Á�ÚKË�ÁÑéÐ¬ûÚK £��ú�­¨Âo»��¡¢«ÎS�¡½àÚK�¡Á²ð�ÁF¿�ðè¿�ÁF¢5 p¿o»ë­¨½�ÚK�=Á
õñ­�ÚKË�»�Â�Ë�»bÚ�ÚO�¡¯�¾.¯�ð�Ë�½s©�ÚK�¡Á � �= p½séU¬��¡»ûÂo�¡ÌOÁ�ÏË�¯�¯N¢5�;»��Bð�Ë�ÁF�¡»�¿oð�¢F p¯ç p�¡Á5¢ Û Ë�ÁÑÚK�¡»�òæ©« p»ëÚ�ÚK £�ú � ·4°²©�­¨ËKÎ¶ÚK p� � �= p½séU¬��¡»� sÚK�¡»O¢F  öbÌ�­+¢F p¿�»�ÚKË�ÁUéU¬�ú �¡¬�Á«Îþ­oéU¬�¯��Ê©F©«Ë�»�Â�ÚO�¡Á�©«ðb�¡Í¡ föñ©FéU¬��¡»�¾.¿o»� s©F­¡µ
¢5 p¿�»�Âo�¡½à­oÚK�=»��¡Á � �= p½séU¬��¡»i £¯Z×~­¨¯�¯��=ÁFÂB­�©2­¨Ëë©«Âo�=½p�¡Â�¢�´ å  p��î,½pË�Â�Í¡�¡ £¢«µX��Ï­¨»bÚK� ã�«  £¯��	¶KÎU·4½£ pÂo¬O¢«µ
å �¡¢F�¡ÌO¢F¿�ÁF�¡»ñä,�=ÁFÂ Ï­+»�Í¡�¡»á p»á�¡ £»��¡¯dÌO½p�= p»��¡» ß0ÌOÍ¡�¡ð�¢Ñ­¨»�Í¡Õb�¡Á5�¡ séU¬iÚO p� � �¡ £½séU¬��¡»� àÚK�¡»O¢F  öbÌ�­¨¢5 p¿�»�´ å ­o©
·2Á5 p»�Í¡ £ð�ÚO�¡Á�î,½pË�Â�Í¡�¡ £¢F¯��+©5©«Ë�»�Â�Õb�¡ÁFË�¬O¢�Ú�­¨ÁÑ­¨ËKÎ5ò9Ú�­¨ÿX­¨»�¬ë­¨»bÚ�ÚK�¡Á~Â��¡¯��+©5©«�¡»��=»�î,½pË�Â�Í¡�¡ £¢@Ë�»bÚ
ÚO�¡Á,Õb�¡Ì�­+»�»K¢5�¡»��B¢5ÁF�+éUÌB��ÚK £� � �¡ p½àéÐ¬��=»�Âo�+©5éÐ¬ Û  p»ëÚK pÂ�ÌB�; £¢è�=ÁF¯� £¢F¢F�=½p¢ Û  £ÁUÚ�´ ÏY Õè�=Á2ÚK�=»i p»�ÚK�¡» � ·4°²©�=ÁF¯� £¢F¢F�=½p¢F�=»É¾.¯�ð�Ë�½s©,Ì�­+»�»�»OË�»�ÚO p��ú�­o©F©R�~ÚK�¡Á � �¡ p½àéÐ¬��¡»É�¡Á5ÁF�+éU¬�»��=¢ Û �¡ÁÑÚK�¡»�´íß0½s© � ÁF pÂ�Âo�¡Á¹ÚK p�=»K¢�= p»�Ç��¡¢F¿�Ì�­¨½p¿�ÁF £¯��¡¢F�=Á�´ å Ë�ÁÑéÐ¬�ÚK £�ÉÌO½p�¡ £»���ß0ÌOÍ¡�¡ð�¢Ñ­¨»�Í ÚK�+©0Ç��¡¢5¿oÌ�­¨½£¿oÁF £¯��¡¢5�¡ÁU©²ÚK�¡¢F�=ÌK¢5 p�¡Á5¢0�+©v p¯
Û �+©«�=»K¢5½p séU¬��¡»ç»KË�Á�·2ÁF¿+ýF�=ÌK¢5 p½s©Rðb�¡ÌK¢Ñ­¨¢5¿oÁF�=»�òbÚ�­o©�©« p»ëÚ ÚK £� � �¡ p½àéÐ¬��=»�òOÚK p��»� séU¬K¢�­+»�ÚK�=Á@×@¿o½£½p à©« p¿�»¢5�¡ p½£Âo�¡»�¿o¯�¯��=»i¬b­¨Õb�¡»�´bî� p»bÚK�=¢v�¡ p»�Í=�¡»K¢5ÁU­+½p�¡Á��B¢F¿�ÿ�©R¢U­¨¢5¢¡òb©R¿N à©«¢�­¨¯ºÇh�=¢F¿oÌ�­+½p¿oÁ5 p¯��=¢F�¡Á2»OË�Áv�¡ £»
ÌO½p�= p»��+©0�í pÂo»ë­¨½�¯��¡ÿoÕë­¨Á�´ å ­o©É�B pÂ�»b­¨½9ÚK�+©vÇ��¡¢F¿�Ì�­¨½p¿�ÁF £¯��¡¢F�=ÁU©h à©«¢�Ë�¯�Â��¡ÌB�¡¬�Á5¢4ð�Á5¿oðb¿oÁ5¢F p¿�»b­¨½�Í¡Ë�Á
Ýb�=»K¢5ÁU­¨½£ p¢ÊÏ­¨¢çÚK�+©Ü�B¢5¿oÿ��+©�´ å Ë�ÁÑéÐ¬®Ú�­o©�î��+©R¢F½p�=Âo�¡»m�¡ p»��=ÁÜ�B £Âo»b­+½s©5éÐ¬ Û �¡½£½p� Û  pÁÑÚ^­¨ËKÎ�Õb�+©R¢F p¯ç¯N¢5��í¢F¿oÿ�ðb­¨ÁÑ­¨¯��=¢F�¡Á�Âo�¡¢5ÁF pÂ�Âo�¡Á5¢�´ å ­�©i³¶ £»�ÂoÌ�­¨½£¿oÁ5 p¯��¡¢5�¡Á�Ìo­+»�»�Õb�¡ ²�¡ p»��=Á Õb�+©R¢F £¯�¯i¢F�¡» � ­+ÁFÂ��¡¢FÌB¿�»Kµ
öëÂoË�ÁÑ­¨¢F £¿o» ã � ­+ÁFÂ��¡¢�¬� p»O¢F�¡Á ÚK�¡» ú � ·¹°²©UäáÍ¡Ë�Áûú �+©F©RË�»�ÂmÚK�+©�¢5ÁU­¨»ë©«ÃB�¡ÁÑ©F­¨½£�¡»D±2»��¡Á5Âo p�¦¸bËb©F©R�+©
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ÃB�¡Á Û �¡»bÚO�¡¢ Û �¡ÁUÚK�=»�´î�ÏË�ÁçÚK £� Û �¡ £¢F�¡Á5�¡»m×~­¨ð� £¢F�¡½² s©«¢çÚK £� ×@�¡»�»K¢5»� s©iÚK�Ê©É p»^´�ß0§B¦ ÃB�¡Á Û �¡»ëÚK�¡¢F�=»�×@¿B¿oÁUÚO p»b­+¢F�¡»b©Rü�©.µ¢F�=¯�ÃB¿o»ç¼4�+ÚK�¡Ë�¢5Ë�»�Âd´Bß0Õ�Õ� £½sÚKË�»�Â ã�W ´�À¸ä9½p p»�Ì�©2Í¡�¡ £Âo¢�ÚO p�~ø0Á5 p�¡»O¢F £�¡ÁFË�»�Â~ÚK�+©2 £»K¢5�¡ÁF»��=» å �¡¢F�=ÌK¢5¿oÁ«µ
©«¿ Û  £��ÚK�+©,�¡ïO¢F�=ÁF»��¡» ´@ß0§í¦ÊµØ×Ù¿B¿�ÁUÚK £»b­¨¢5�¡»b©Rü�©R¢F�¡¯�©¦´ å  p��ß@éU¬b©«�² p»á³v séU¬K¢5Ë�»�Â�ÚK�¡Á4�í¢FÁU­+¬�½÷ÎÐÏË�¬�ÁFË�»�Â s©R¢v¯� p¢ ã ÍoäUò�ÚK p�~¬�¿�ÁF pÍ=¿o»O¢U­¨½£�~×@¿B¿oÁÑÚK p»b­+¢F��¯� p¢ ã ïbä�Ë�»bÚûÚK p��ÃB�¡ÁF¢5 pÌ�­¨½£�@³v séU¬K¢5Ë�»�Â�¯� p¢ ã übä2Õb�¡Í¡�;µ
 séU¬�»��=¢�´�¾.»Xß0Õ�Õ� £½sÚKË�»�Â ã�W ´�À¸ä² p»XÚK�¡Á�ú  p¢5¢F�~ s©R¢@Ú�­o©vÃB�¡Á Û �¡»bÚK�¡¢5�~×@¿B¿oÁÑÚK p»b­+¢F�¡»ë©«ü�©«¢F�=¯ ¯ç p¢vÚO�¡»ÃB�¡Á Û �¡»bÚO�¡¢F�¡»�¾.¯�ð�Ë�½s©«ÌB¿�¯Nðb¿�»��¡»O¢F�¡»	Á1ÂBò¦Á�Ã�Ë�»bÚgÁ1Ä4Ú�­¨ÁFÂ��+©«¢5�¡½p½£¢�´+ß0Ëë©,ÚK�=»i¾.¯�ð�Ë�½à©«ÌB¿�¯�ðb¿o»��¡»O¢F�=»½p�= p¢F�=¢�©« àéÐ¬ç­¨ËbéU¬çÚK�¡Á²ß0Í¡ £¯NË�¢ Û  £»�Ìo�¡½\Å®Ë�»bÚ�ÚK�=Áv·,¿�½s­¨Á Û  p»�ÌB�=½�ÅD­¨Õ ã ß0Õ�Õ� p½sÚOË�»�Â ã�W ´�À¸ä9ÁF�+éU¬O¢U©Ðäµ´
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Z	[\[\]�^Æ`�b\c1eRf�h�Ç È�{%}�y|���3}�y|{3�2�!�¿�!y|o	}����3y|{%�!y|�Tl�y|�3y��F� � {Ét�o �-Ê }�y��2y|o	y|w��3y|{%�!y|�Op�q�rFsutaË ��� {3�2}���m-�3y��!o���o3�%y|~�k��}��!��oX¢5~�}����!y|� � y|{ Ê y|�2�!y|�3y��Ì�Í~�}��3�%yÎ¢�Ïa~/x!�!��oat\�!�!�¿�k{%y|�����3oX¢¼ÐT}��!�¦y���� � ~/x � �!y|���3y|���
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å ­o©�Ýb p�=½~ÚK p�Ê©«�¡Áûß0Á5Õè�= p¢�Õb�+©R¢F�¡¬O¢�Ú�­+ÁF £»�ò�±ê½£�¡ÌO¢FÁF¿�»��¡»DË�»bÚ¥·�¿B©« £¢FÁ5¿o»��¡» ­¨Ëb©ûÚK�¡»D�¡ÁFÍ¡�=Ë�Âo¢5�¡»
� �¡ £½séU¬��¡»��= p»��¡Áç¼4½p�= ÷µØ¼4½p�¡ ¹×Ù¿�½p½£ s©« £¿o»��=»^Í¡ËD©«�¡½£�¡ÌO¢F p�=ÁF�¡»�´�±�© Û Ë�ÁÑÚK��Ú�­ÊÎ ÏË�Á ­+Ëb©F©5éÐ¬�½p p�=ÿo½p àéÐ¬mÚK £�
� �¡ £½séU¬��¡»� àÚK�¡»O¢F ÷öëÌo­+¢F £¿o»�ÚKË�ÁUéU¬�ú �¡¬�ÁRÎþ­oéU¬�¯��+©5©«Ë�»�Â¹ÚK�+©�©«ðb�¡Í¡ föñ©FéU¬��¡»�±2»��¡Á5Âo £�¡ÃB�¡ÁF½£Ëb©«¢5�+©�Âo�¡½à­oÚK�=»Kµ
�=Á � �¡ £½séU¬��¡»� p¯ ×~­¨¯�¯��=ÁFÂB­�©@ÃB¿o»^�Bð�Ë�Á5�¡»bÚKÁ5 ÷ÎS¢5Ìo­+¯�¯��¡Á5»�ÃB�¡Á Û �¡»bÚK�=¢�´ å ­+¬��¡Áç©«¿�½p½4 £»mÚK p�+©R�¡¯×~­+ð� p¢5�¡½²ÚK p�çî�Ë�»�ÌO¢F p¿�»b© Û �¡ s©R��ÚO�¡Ái�Bð�Ë�Á5�¡»bÚKÁ5 ÷ÎS¢FÌ�­+¯�¯��¡Á5» �¡Á5½RÏ­¨Ë�¢F�¡Á5¢ Û �¡ÁUÚO�¡»àß ÆáÏË�»b¦oÅOò�ß0ð�ðb¦�Å�ò
ú ¿Oé=¦�á!â�´

AUSLESEMODULE

GASBOX

HV-KATHODE

FELDKÄFIG

Z	[\[\]_^a`�bdc\egfih�f �����!y�~?m-�%}�o3���!y|{
q������zm-�¿y|}��!y�{�ãgä�å�ænç\lUmè{3��y|o3�%y|�����
}�o3�0�2}�ygé0m-o%� � wJ~�}��Ì�2y|���!� �muêz�g�!�!��!y�{�ä\{Xmè�¦{Xmè�!~�y��	~�}���q��2o3��y|o3y�~ � �!�!��y|�1�

�^ £�iß0Õ�Õ� p½àÚKË�»�Â ã�W ´ W ä²Í¡�¡ £Âo¢=òb©«�¡¢5Í¡¢@©R séU¬ �¡ £»�� � ·4°¥­+Ëb©0�¡ £»��¡Á@Æ�­o©RÕb¿¨ïñòM�¡ £»��¡¯Þî��¡½àÚKÌ Ï­ÊöbÂáË�»bÚ
ÚO�¡»mß0Ëb©«½£�+©«�=¯�¿OÚKË�½£�¡»�Í¡Ëb©5­¨¯�¯��=»�´ å ­o©i¢FÁU­+Âo�¡»ëÚK� � �¡ p½² s©«¢��¡ p»ùß0½£Ë�¯� p»� pË�¯áÁU­+¬�¯N�=»�òMÚO�¡ÁiÚK £�
ø�Õb�¡ÁÑ©«�¡ £¢F�ûÚK�¡Á � ·4°�Õ� p½àÚK�¡¢F´2¾.»^ÚK £�+©«�=¯ � ÁU­+ÂoÁU­+¬�¯��¡»®©« £»bÚ�ÚK p�Xß0Ëb©«½£�+©«�=¯�¿OÚKË�½£�NÍ¡Ëë©F­¨¯ç¯��¡»
¯ç p¢ûÚK�¡ÁX±ê½£�¡ÌO¢FÁF¿�»� pÌDÃB�¡ÁÑ©FéU¬�ÁU­+Ë�Õ�¢�´ å  £��¼4¿OÚK�¡»�ð�½s­+¢F¢F�� £»
×@Ë�»b©«¢5¿2©bµ ô ¿o»��=ü�é;¿�¯NÕOµF�O­+»bÚ Û  àéÐ¬Kµ¼v­+Ë Û �¡ s©R� Û  £ÁUÚ ¯ç p¢�·2ÁF¿+öb½p�=»¥­+Ëb© Âo½à­o©ØÎþ­�©«�¡Á5ÃB�¡ÁU©R¢ Ï­+ÁFÌO¢F�¡¯ ×@Ë�»b©R¢U©R¢F¿2© ã Æ�¤ ó äû­¨»�ÚK�¡¯ � ÁU­¡µ
Â�ÁU­+¬�¯��¡»^Õb�;ÎS�+©R¢F £Âo¢�´ Y ¯ Í¡Ë^�¡ÁFÁ5�¡ séU¬��¡»æò�Ú�­¨ÿmÚK £��ÚK�¡» å �¡¢5�¡ÌO¢F¿oÁ ÚKË�ÁUéU¬�ëBË��¡Á5�¡»bÚK�¡» � �= p½séU¬��¡»
¯ Ï¿oÂo½£ séU¬b©«¢ Û �¡»� £ÂN¯� £¢vÚK�=¯ å �¡¢F�¡ÌO¢F¿�ÁF¯�­+¢F�¡Á5 s­+½p p�=» Û �+éÐ¬ë©«�¡½ Û  pÁFÌB�=»�òO©« p»ëÚ�ÚK p�i�B�¡ £¢F�¡» Û Ï­¨»ëÚK�iÚK�=Á
� ·4° å ¿oð�ðè�=½÷ÎS�¡»b©R¢F�¡Á²­+Ëb©�ýF�@Ä óJì ¯ZÚ ÏË�»�»��¡»�ú üO½s­+Á«ÎS¿�½p p�=»�´K�B £�0Õ� £½sÚK�=»NÍ¡Ëë©F­¨¯ç¯��¡»É¯ç p¢�ÚK�=Á4¼4¿+µ
ÚO�¡»�ð�½à­¨¢F¢5�vË�»bÚiÚK�=¯ � ÁU­¨Â�ÁU­+¬�¯��¡»áÚK £�0Æ�­o©RÕb¿¨ïí´O¾.»iÚK�¡» å ¿oð�ðb�¡½fÎS�¡»b©«¢5�¡ÁF»iÍ= pÁFÌOË�½£ p�¡Á5¢nî Ò ò+Ë�¯�ÚK £�×@¿�»K¢Ñ­¨¯� £»b­¨¢5 p¿o»XÚK�+© Ý9Ï­+¬�½pÂí­o©R�+©~ÚKË�ÁUéU¬�ÚO p� å  Í©ñËb©« £¿o»�ÃB¿�»4ï Ò Ë�»bÚÝð Ò ïZ­+Ëb©@ÚK�¡Á Y ¯�Âo�=Õ�Ë�»�Â¯ Ï¿oÂo½£ séU¬b©«¢�ÌO½p�¡ £»�Í¡Ë�¬b­¨½£¢F�¡»ñ´êÝ Û  à©FéU¬��¡»�ÚK�=Á~¼4¿OÚK�¡»�ð�½s­¨¢5¢F�áË�»bÚ�ÚK�¡Á�´0Ë�½£½÷µØ±2Õè�=»��áÚK�¡Á~ß�Ëb©«½£�+©«�;µ¯ç¿OÚKË�½p� Û  pÁÑÚ �= p»��¡½£�¡ÌO¢FÁF à©FéU¬��+© å ÁF fÎS¢«ÎS�¡½àÚN­+»�Âo�=½p�¡Â�¢ ã ß0Õ�Õ� £½sÚKË�»�Â ãXW ´ ÄBäFäµ´ëÝbË�Á ô ¿�¯�¿oÂ��¡»� s©R p�¡Á5Ë�»�ÂÚO�+©2�¡½p�¡ÌO¢FÁ5 s©5éÐ¬��Ê©,î��¡½àÚK�+©,Õb�;öb»ëÚK�¡¢²©« àéÐ¬i £»áÚK�¡ÁvÆ�­o©«Õb¿+ïáÃB¿oÁ�ÚK�=» å ¿�ð�ðb�¡½÷ÎS�=»b©«¢5�¡ÁF»á�¡ p»áî��¡½àÚKÌæÏ­ÊöbÂd´
å �¡Á²îë�=½sÚKÌæÏ­ÊöbÂ� s©«¢ê­¨Ëb©2¯��¡¢Ñ­¨½£½p s©R p�8ÁF¢5�¡»É�B¢5ÁF�¡ fÎS�¡»áú üK½à­¨ÁRÎS¿o½p £��¬��¡ÁFÂ��+©«¢5�¡½p½£¢¡ò�ÚK p��­+»á×@�¡ÁU­+¯� pÌOÁF¿�¬�ÁF�¡»
­+ËKÎSÂo�=¬�Ï­¨»�Â�¢�©« £»bÚ�´ å  p��¯��¡¢Ñ­¨½£½p s©R p�¡Á5¢F�8»@ú üO½s­+ÁU©R¢FÁF�= ÷ÎS�¡»�©« £»bÚ�ÏË�Õb�¡Á��^ sÚK�=ÁU©«¢ÊÏ­¨»bÚO�h�= p»��¡Á��Bðb­+»�»KË�»�Â¨µ
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©«¢5�¡ p½£�¡ÁFÌB�=¢F¢F�9Í Û  s©5éÐ¬��=»ÉÚO�¡Á�­¨ËOÎM»��¡ÂB­+¢F pÃB�=¯
·,¿o¢5�¡»O¢F s­+½K½£ p�¡Â��¡»bÚK�=» ô ¿OéÐ¬b©Rðb­¨»�»KË�»�ÂB©«�=Õè�=»��@­+ËKÎñÚK�=Á¼4¿OÚK�¡»�ð�½s­+¢F¢F�~Ë�»ëÚ ÚK�¡ÁvÂ��¡�¡ÁÑÚK�¡¢F�=»�´0Ë�½£½p�¡Õb�¡»���ÃB�¡ÁFÕ�Ë�»bÚK�¡»�´
å �¡Á ß0ËKÎSÕb­+Ë�­¨½£½p�¡Á~ £¯ ´@ß�§B¦ÊµØ±2ïKðb�¡Á5 p¯��=»K¢�ÃB�¡Á Û �¡»bÚK�=¢F�¡» � ·4°²©É s©«¢~ £¯ Û �+©«�¡»O¢F½£ séU¬��¡»ûÂo½p�= séU¬�´å  £�0Ç��¡Á5¢F�¡ï � ·¹°²©8ò�ÚK £�v p¯Zú�­+Âo»��¡¢RÎS�¡½sÚáÚK�¡Á�Õb�¡ àÚK�¡»çú�­¨Âo»��¡¢F��Õb�¡¢FÁ5 p�¡Õb�¡» Û �¡ÁÑÚK�¡»�òO©R p»bÚiÌK½£�¡ p»��¡Á­¨½à©vÚK p��ú � ·4°²©�´bß�Õ�Õ� p½àÚKË�»�Â ãXW ´ §Kä²Í¡�¡ pÂ�¢4�¡ £»��@Ç��¡Á5¢F�¡ï � ·4°^ p¯ å �¡¢U­+ p½�´

Mylar
2x125µ

Ne/CO2

Ceramic
 Tubes

Laser Beams 

Readout Module
72x72 cm2

4600 pads

G10
frame

Gas Box

Field Cage

Support
    Plate

N2

Mylar
 Al
25µ

frame

beam

HV-plane

Al-topframe

Ceramic Rods

Front View of NA49 Vertex TPC

(Ti O coated)

(readout chambers)

HV-

Divider

honeycombe

35    m  Cu-Foil

25    m  aluminzed Mylarstrips

125   m Mylarwindows
G10

Z	[\[\]�^Æ`�b\c1eRf�hûú üi}��!��oÎçiv\w�x!� � o%} � �!o%ý|y|}����!���!�!��y�}��2y|{0þ�y|{%�3y|wAä�å�æ=~/}���éEm-o3� � wiÿ��2y|���!� �muêz�/�!�!�Jä\{Xm-��{Xmè��t~�y|�/~�}���q��2o3��y|o3y�~ � �!�!��y|�1���y|�����3ouç!þ � {3�!y|{�m-�!o%}��X����~/}��5�!y|�Xmè����}�y|{%�3y|{nlnm-{3o%�3y|�����!�!� �¦� �Ré0m-o%� � w	�!�2���2y|���!� �muê��z�
å �¡Á Y »K¢5�¡ÁU©5éÐ¬� p�+Ú�Í Û  s©5éÐ¬��=»^ÚK�¡»^�= p»�Í¡�=½p»��¡»D�Bð�Ë�Á5�¡»bÚKÁ5 ÷ÎS¢5Ìo­+¯�¯��¡Á5»� s©R¢�ÚK £��ß0»�ðb­�©F©«Ë�»�Â��¡ £»Kµ�¡Á9ýF�+ÚK�¡»��Bð�Ë�Á5�¡»bÚKÁ5 ÷ÎS¢5Ìo­+¯�¯��¡Á²­+»�ÚK p�~Í¡Ëû�¡Á Û ­¨ÁF¢5�¡»bÚK�=»��Bð�Ë�ÁUÚK àéÐ¬O¢F�¡»�Ë�»ëÚ��Bð�Ë�Á5ÌKÁ�ÏË�¯�¯áË�»�Âo�=»
ß Æ�­��Í+¦ W âX´
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´�­oéU¬bÚK�¡¯ ­¨ËOÎ²ÚK�¡»�ß0ËOÎSÕb­¨Ëû�¡ p»��=Á �Bð�Ë�ÁF�¡»ëÚKÁF fÎS¢FÌ�­¨¯�¯ç�¡Á� p¯ÞÃB¿oÁ5¬��¡ÁF £Âo�¡»X×~­¨ð� £¢F�¡½��¡ £»�Âo�=ÂB­¨»�Âo�¡»
Û Ë�ÁUÚK�Bò� à©«¢ � ¬��=¯�­iÚK�+©hÎS¿�½pÂo�=»bÚK�¡»ûß0Õb©5éÐ¬�»� p¢5¢F�+©²ÚK p��î�Ë�»�ÌO¢F £¿o»b© Û �¡ à©«�@�¡ £»��¡Á � ·¹°�´

Gating-Ebene

Ionisierendes Teilchen

Null-Ebene

Sense-Feld-Ebene

Driftende Elektronen

Pads

Padreihe

x

y

z
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 �m-�2�ût��m-o3~ � ��y|� ��!��y¦�1lnmè{3�¦y�o3�3y������
}�o3�	�!}�y?l�{%}û�����!y�{	�!�!{3���*Ï � �2}�o�m-�%} � �¿�!y|o�
 �mè�!���Fm-o
y|{%ý|y|�!���3y|�1ÿ�_{%y|}�y|�Ìv ��y��F�%{ � �!y|�°}�~÷� � ~ � �¦y��!y|�Jy|��y|���3{3}�o%�X�2y|���!y|���1�\l�}�y£v\��y|���%{ � �2y|� Ê y|{%�!y|�*m-�¿�!y|�þ�y�{3o3� �m-{%�F�2�!�¦o%�!{ �mè�F�%y|�O�zy|o%���!��y|�!�!}��¦�u��v\o�� � ~�~	�Eý|�Ty|}��!y|{gé0m-o � y|{%o3� �m-{3���!�2�zÿ��zy �¦� {/�!}�yv\��y|���%{ � �2y|�­m-�g�!y��Rþ�y|{%o3� �mè{3���!�!��o3�!{ �m-���3y��­�!y��!�3{�m-��}�o3}�y|{3� Ê y|{%�!y|�J�!�!�g�!}�y � y|{%�!��y|}��zy|�2�!y|�Ï � �!y|�°y�}��2y�x � o3}��%} � y���mè�!~��km-�2�!�!�?mè�����!y|{	o%y|�¦~/y|���3}�y|{%�3y|�ÙË mè�3� � �!y��!y|��y|�!yR}��!�!�2ý|}�y|{3y|���lUmè{3o%�3y|�����!�!�	�!~����������¦y|�!{%y|������y|�¦y|� ��!�zy�{U�2y|{�q�� � {3�!���!�2�	}��/p�q�rFs¦¢��
å ­o©v©«�=»b©« £¢F pÃB�vÇ�¿�½pË�¯��=»i�¡ p»��=Á � ·4°m©R¢F�¡½£½p¢��¡ p»á¯� £¢2�¡ p»��¡¯\Ý9Ï­+¬�½pÂí­o©4Âo�8Î8ÏË�½p½£¢F�¡Á²³�­¨Ë�¯ ã Æ�­o©RÕb¿¨ïbä
Ú�­¨Á¡òB £»�ÚK�=¯��¡ p»i¬�¿�¯�¿oÂ��¡»��+©2�¡½£�¡ÌO¢FÁF à©FéU¬��+©�î��¡½àÚÉ¬��¡ÁFÁÑ©FéU¬K¢F´ å Ë�ÁÑéÐ¬ ë¸Ë��=ÁF¢2�¡ £»NÂ��¡½s­�ÚK�¡»��Ê© � �= p½séU¬��¡»
ÚO p�NÆ�­�©«Õb¿+ïMòñ©«¿� £¿o»� à©« £�¡ÁF¢�Ú�­�© � �¡ £½séU¬��¡»ûÚK p��ú ¿�½p�¡Ì�ÏË�½p�ÙÚK�+©@Ý9Ï­¨¬�½£ÂB­o©R�+©0�¡»O¢F½à­¨»�Âç©«�= p»��¡Á � ÁU­=ýF�¡Ì¸µ
¢5¿oÁ5 p�i´ å  p�+©2Âo�Ê©FéU¬� p�¡¬O¢9­¨ËKÎSÂ�ÁFË�»bÚçÚK�¡Áv°�¿oË�½£¿o¯áÕKµX���+éU¬b©R�¡½ Û  £ÁFÌOË�»�ÂvÍ Û  à©FéU¬��¡»áÚK�¡¯ � �= p½séU¬��¡»�Ë�»bÚ
ÚO�¡»^±2½p�=ÌK¢5ÁF¿o»��¡»�¬9ÏË�½£½p�¡»mÚK�=Á�Æ@­�©F­+¢F¿o¯ç�i´ å  p���¡ÁFÍ=�¡Ë�Âo¢5�¡»m±2½p�¡ÌO¢FÁ5¿o»KµØ¾.¿o»KµØ·2­o­+ÁF� Û �¡ÁUÚK�=»�ÚOË�ÁUéU¬Ú�­o©É�¡½£�¡ÌK¢5ÁF à©FéU¬�� å Á5 ÷ÎS¢RÎS�¡½sÚ�Âo�¡¯ Ï­¨ÿ  £¬�ÁF�=Á õñ­�ÚKË�»�Â�©R�¡ðb­+ÁF p�=ÁF¢�´ å ­�© å ÁF fÎS¢«ÎS�¡½àÚ  à©«¢�©«¿�ðb¿�½s­¨Á5 s©R p�¡Á5¢
ã ß0Õ�Õ� £½sÚKË�»�Â ãXW ´ � äFäÑò�Ú�­+ÿ�ÚK p� ¾.¿o»��¡»û p»X³¶ àéÐ¬O¢FË�»�Â�¼4¿OÚK�=»�ð�½s­+¢F¢5�BòMÚO p�i±2½£�¡ÌK¢5ÁF¿�»��¡»� p»�³v séU¬K¢5Ë�»�Â
ÚO�¡Á~ß0Ëb©R½p�+©R�¡¯�¿OÚKË�½p�~ÚKÁ5 ÷ÎS¢5�¡»�´b¾R©«¢~Ú�­o©@­+»�Âo�¡½£�¡Âo¢5� å Á5 ÷ÎS¢RÎS�¡½sÚ�¬�¿�¯�¿oÂ��¡»�òñ©«¿�©R¢F�¡½£½p¢�©« séU¬�­+ËKÎSÂoÁ5Ë�»bÚ
ÃB¿�»û×Ù¿�½p½£ s©« £¿o»��=»�ÚK�¡Á�±2½p�=ÌK¢5ÁF¿o»��¡»�¯� p¢vÆ�­o©5­¨¢F¿�¯��¡»��¡ £»��@ÌB¿o»ë©«¢U­+»K¢5� å ÁF fÎS¢FÂo�Ê©FéU¬ Û  £»bÚK pÂ�ÌB�¡ p¢²ÚK�=Á±2½£�¡ÌK¢5ÁF¿�»��¡»i p¯ZÝ9Ï­¨¬�½£ÂB­�©h�¡ £»�´ å  p�+©R��×Ù¿�½p½£ s©« £¿o»��=»ÉÎ8ÏË�¬�ÁF�=»á­¨ËbéU¬NÍ=Ëi�¡ p»��=Á�ß0Õ Û �¡ àéÐ¬OË�»�Â�ÚK�¡Á�±2½£�¡Ì¸µ¢5ÁF¿�»��¡»OÕè� Û �¡Â�Ë�»�Â ÃB¿�»�ÚK�¡»ùî��¡½sÚO½p p»� p�¡»�´ å  £�NÇ��¡Á5¢F�¡ £½pË�»�ÂçÚK�¡Á ±2½p�¡ÌO¢FÁ5¿o»��¡»�Õb�¡ ¹ÚK�¡Á å Á5 ÷ÎS¢~Ì�­¨»�»ÚOË�ÁUéU¬i�¡ p»��v­¨Ëë©«�¡ £»b­¨»bÚO�¡ÁUÚK k©ñË�»bÚK £�¡ÁF�¡»ëÚK�	��¿�½pÌB�²Õè�Ê©FéU¬�ÁF £�¡Õb�¡» Û �¡ÁUÚK�=»�òoÚO�¡ÁF�¡»áú  £¢F¢5�¡½pð�Ë�»�ÌK¢�©R séU¬¯ç p¢�ÚK�¡Á å Á5 ÷ÎS¢5Âo�+©5éÐ¬ Û  p»bÚO pÂoÌB�= p¢��¡»K¢5½s­+»�Â�ÚK�¡ÁÙîë�=½sÚK½£ p»� £�¡»ÜÎS¿�ÁF¢FÕb� Û �¡Âo¢F´,�B¿ûÚKÁ5 ÷ÎS¢F�=»�ÚK p�á±2½p�=ÌK¢5ÁF¿¨µ»��¡»� p»�³v séU¬K¢5Ë�»�ÂáÚK�=Á~·2­oÚO�¡Õb�¡»��i´ å  p���������! �"ÐµØ±2Õè�=»��áÚK p�=»K¢�Í¡Ë�Á~±2Á5�¡ pÂ�»� s©5©«�¡½£�¡ÌK¢5 p�¡Á5Ë�»�Â � õb p�¡Â�¢
�= p»�ÂñÏË�½p¢5 pÂo�Ê© � ÁF pÂ�Âo�¡ÁÑ©« £Âo»b­+½MÃB¿oÁ=òOÚ�­¨»�» Û  £ÁUÚ�ÚK £�#�������! �"ÐµØ±2Õè�=»���­¨ËKÎêÚ�­o©4Â�½p�¡ àéÐ¬���·,¿o¢5�¡»K¢5 s­+½ Û  £�Ú�­o© å ÁF ÷ÎS¢RÎS�¡½sÚ�­¨»ìÚK p�+©R�¡ÁÉ�B¢5�¡½p½£�iÂo�¡½£�¡Âo¢F´ å  p�ç±2½p�¡ÌO¢FÁ5¿o»��¡»ùÚKÁ5 ÷ÎS¢F�=»�¿o¬�»�� ¾Ø»O¢F�=ÁU­¨ÌO¢F £¿o»�¯� p¢�ÚK�¡¯
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V
)

erstärkungsbereich

Kathodenebene (Pads)

Gating-Grid (-90 V)
*Frischgitter (0 V)
+Feld-/V
+

erstärkungsdrähte (1 kV)

Hochspannungsebene (-13 kV)
,

Z	[\[\]�^Æ`�b\c1eRf�h�- ��y|}��3y|��m-�!o%}������\�!y|oíl�{%}û��� Ê y|��y|o\�!y|{ív ��y��F�%{ � �!y|� Êí� ���¦y|�
�!�!{%�X�
�!}�y�þ�ä�å�æ/.�~�}��i�!y�{�q�� � {3��t�F�2�!���2y|{��!{%y|}dl�{�m-���3y|��y|�!y��1�

Æ� p¢5¢F�¡Á�ÚKË�ÁUéU¬ ÚO p�0�����1�! �"UµR±2Õb�¡»���¬� p»bÚOË�ÁUéU¬�´èõb £�¡Âo¢�ÌB�¡ £»�ÂñÏË�½£¢F £Âo�+© � ÁF £ÂoÂo�=ÁU©« £Âo»b­+½,ÃB¿�Á¡ò Û  £ÁUÚ��¡ p»
Û �ÊéÐ¬b©R�¡½p»ëÚK�+©É·�¿o¢F�=»K¢5 s­¨½�­+½p¢5�¡ÁF»� £�¡ÁF�=»bÚ�ÃB¿o» å ÁU­¨¬O¢áÍ¡Ë å ÁÑ­¨¬O¢�­+»�Âo�=½p�¡Â�¢¡ò2Ë�»bÚ^ÚO p�û±2½p�¡ÌO¢FÁ5¿o»��¡»
Û �=ÁUÚK�¡»û­+ËKÎ²ÚK�¡Á2�����1�! �"ÐµR±2Õb�¡»�� ­¨Õ�Â��;ÎÐÏË�¬�Á5¢�´ å ­o©�­¨ËKÎ ó Ç�¿o½£¢v½p p�=Âo�¡»bÚO�Éî�Á5 s©FéU¬Kµ5Æ� p¢F¢5�¡ÁvÚO�;öb»� £�¡ÁF¢Ú�­�©�±2»bÚK��ÚO�+©N�¡½£�¡ÌK¢5ÁF à©FéU¬��¡» å ÁF fÎS¢«ÎS�¡½àÚK�+©�´ å  p��±2½£�¡ÌK¢5ÁF¿�»��¡»mÚKÁF fÎS¢F�¡»m¿o¬�»���¾.»K¢5�¡ÁU­+ÌK¢5 p¿�»^ÚKË�ÁÑéÐ¬
ÚK £�+©«��Æ� p¢5¢F�¡Á5�¡Õb�¡»��i´æ´@­oéU¬�ÚK�¡¯ å Ë�ÁUéU¬�ë¸Ë��¡ÁF�¡»�ÚO�+©ÉÆ@­+¢F £»�Â¨µ�Ë�»bÚ�ÚK�¡Á�î�ÁF à©FéU¬KµFÆ� £¢F¢F�=ÁF�¡Õb�¡»����¡Á«µ
ÁF�= séU¬��¡»ûÚK p� ±2½p�¡ÌO¢FÁ5¿o»��¡»XÚK p��Ç��¡ÁU©R¢+Ï­¨Á5ÌKË�»�ÂB©R�¡Õb�¡»��BòbÚK £�i­+ËKÎ²�¡ p»��=¯ ¬�¿o¬��¡»�ðb¿B©« £¢F £ÃB�¡»�·,¿�¢F�¡»O¢F à­¨½
½p £�¡Âo�=»�´ å ­oÚKË�ÁÑéÐ¬� s©R¢~Ú�­�© �¡½£�¡ÌK¢5ÁF à©FéU¬���îë�=½sÚ�ÚK¿�ÁF¢~»� séU¬O¢0¯��=¬�Á0¬�¿o¯�¿�Âo�¡»�òæ©«¿o»ëÚK�¡ÁF»� s©R¢~¯� p¢~¤+È¡Á
ÃB¿o¯�ß0Õb©R¢U­¨»ëÚNÚK�Ê©hú  £¢F¢5�¡½pð�Ë�»�ÌK¢5�+©�ÚK�¡Á å Á+Ï­+¬K¢5�@­+Õ�¬�Ï­+»�Âo £Â\´O±�©h s©R¢�©«¿�ÂoÁ5¿oÿ�òOÚ�­+ÿiÚK £��±2½p�¡ÌO¢FÁ5¿o»��¡»
©«¢Ñ­¨Á5ÌiÕè�Ê©FéU¬�½p�¡Ë�»� pÂ�¢ Û �¡ÁÑÚK�¡»�´ å ­+Õè�=  Û  £ÁUÚiÚK�=ÁU­¨Á5¢�ÃK £�¡½�±2»��=ÁFÂo £�vÂo� Û ¿o»�»��¡»�òOÚ�­¨ÿ�ÚK £��±2½p�¡ÌO¢FÁ5¿o»��¡»Õb�¡ p¯��B¢F¿�ÿ�ÚK £�ÜÝ9Ï­+¬�½pÂí­o©5­¨¢F¿�¯��çÚKË�ÁUéU¬ ô �¡ÁÑ­¨Ëb©5©FéU¬�½s­+Âo�¡»�ÃB¿o»ù±2½p�¡ÌO¢FÁ5¿o»��=»�­¨Ëb©�ÚK�¡Á�ß¶¢5¿o¯�¬9ÏË�½p½£�
 p¿�»� s©R p�¡Á5�¡»�´ å  p�+©R��ÚKË�ÁUéU¬çÚK�¡»áÇh�=ÁU©«¢ÊÏ­¨Á5ÌKË�»�ÂB©«ð�ÁF¿oÍ=�+©F©��¡ÁFÍ¡�=Ë�Âo¢5�¡»á±2½p�¡ÌO¢FÁ5¿o»��¡» Û �=ÁUÚK�¡» Û  £�+ÚK�¡Á5Ë�¯©«¢Ñ­¨Á5Ì�Õb�+©5éÐ¬�½£�¡Ë�»� £Âo¢~Ë�»bÚ�Ì Ï¿�»�»��¡» Û �¡ p¢5�¡ÁF��Ý Ï­¨¬�½pÂB­�©F­+¢F¿o¯ç�� p¿�»� s©R p�¡Á5�¡»�´�¼4�¡ÃB¿�Á�ÚK p�ç±2½p�¡ÌO¢FÁ5¿o»��¡»ÚK £� Ç��¡ÁÑ©«¢ÊÏ­¨ÁFÌOË�»bÚ�©FÚKÁÊÏ­¨¬O¢F�É�=ÁFÁF�= séU¬��¡»�Ë�»ëÚ ÚK¿�ÁF¢@�¡ £»��¡»�»��¡Âí­¨¢5 pÃB�¡»��Bðb­+»�»OË�»�ÂB©R p¯�ð�Ë�½s©4�¡Á5Í¡�¡Ë�Â��¡»�ò
Û �=ÁUÚK�¡»û©R p�~½s­ Û  p»��¡»b­¨Á5¢F £ÂiÃB�¡ÁFÃO p�¡½fÎþ­oéU¬K¢F´KÝbË�Á�ÏËbéÐÌçÕ�½p�¡ £Õ�¢v�¡ £»��g��¿o½pÌB�~ðb¿B©R p¢5 pÃB�¡Á�¾.¿o»��¡»�´ å  £�  £¿o»Kµ s©R p�¡Á5¢F�¡» ß¶¢5¿o¯�Á�ÏË�¯�ðKÎS�v¬b­+Õb�¡»�­¨ËKÎSÂ�ÁFË�»ëÚÜ p¬�ÁF�¡ÁvÂ�Á+Ï¿oÿ��¡ÁF�=»�ú�­o©5©«�¡»æòè�¡ £»��@ÌO½p�¡ £»��¡Á¹¼4� Û �¡Â�½p àéÐ¬�ÌB�= ÷¢­¨½à©�ÚK £��±2½p�¡ÌO¢FÁ5¿o»��=»�´ å  p�Ê©«��¾.¿�»��¡» Û ¿o½£ÌB�¡»� p»�¸ëË��¡»�Í¡ £�¡ÁF�=»�­+ËKÎ ÚK�¡Áç·2­oÚBµR±2Õb�¡»����¡ p»��Ü»��¡ÂB­+¢F pÃB��Bð� £�¡Âo�=½p½s­�ÚKË�»�Âç­¨ËOÎvÚO�¡»�ÃB¿o»��= p»b­+»bÚK�¡Á� s©R¿o½p £�¡ÁF¢5�¡»û·2­oÚ�©�´ å  £�Nõñ­�ÚKË�»�Âí©«¯��¡»�Âo� Û  pÁÑÚÜÃB¿�»��¡ p»��=¯½s­�ÚKË�»�Âí©«�¡¯çðKöb»bÚK½£ séU¬��¡»~Ç�¿oÁ5ÃB�¡ÁU©R¢+Ï­¨Á5ÌB�¡Á�ÃB�¡ÁU©R¢+Ï­¨Á5ÌK¢=òoÚ�­o©h�B £Âo»b­+½ñ­¨ËKÎSÕb�¡Á5�¡ p¢5�¡¢,Ë�»bÚ ÎÐÏË�Á�ÚK p�����= p¢F�=Á«µ
ÃB�¡ÁÑ­¨ÁFÕb�¡ £¢FË�»�Â~ÚK pÂ� p¢Ñ­¨½p à©« £�¡ÁF¢F´ å Ë�ÁUéU¬�ÚK £��ÚKÁF fÎS¢F�¡»ëÚK�¡»á±2½p�¡ÌO¢FÁ5¿o»��=» Û  pÁUÚiÚO p� � �¡ p½àéÐ¬��=»b©«ð�Ë�Á�­¨ËKÎ�ÚK p�·2­�Ú¸µR±2Õb�¡»��vð�ÁF¿+ýF £Í¡ p�¡Á5¢�´+�B¿@½RÏ­+ÿo¢�©R séU¬�ÚKË�ÁUéU¬iÚO p�4Ç��¡Á5¢F�¡ £½pË�»�ÂvÚK�+©�õñ­oÚKË�»�ÂB©F©R pÂ�»b­¨½£�+©�­¨ËKÎæÚK�¡» ·2­oÚ�©
ÚK £�á·,¿B©R p¢F £¿o»� £» ã ïbäHµvË�»bÚ ã ÍoäSµR³v séU¬O¢FË�»�ÂáÕb�+©«¢5 p¯�¯ç�¡» ã ×@¿B¿oÁÑÚK p»b­+¢F�¡»ë©«ü�©«¢F�=¯�©« £�¡¬��áß0Õ�Õ� p½àÚKË�»�Â
ã�W ´�ÀBäFäUò�­+»�ÚK�=¯�Ú�­o© � �¡ p½àéÐ¬��=» �¡ £»��á¾.¿o»� à©F­¨¢5 p¿�»��¡Á«Îþ­+¬�ÁF�=»�¬b­¨¢F´ å  p�ç·,¿B©R p¢F £¿o»� p» ã üèäSµR³v séU¬K¢5Ë�»�Â
�¡Á5Âo pÕ�¢É©R séU¬�ÚKË�ÁÑéÐ¬ùÚK p� å ÁF ÷ÎS¢5Í¡�¡ £¢0Ë�»ëÚ�ÚK�¡Á@Â��¡»b­+Ë��¡»�×@�¡»�»O¢F»� s©@ÚK�=Á å ÁF ÷ÎS¢5Âo�+©5éÐ¬ Û  p»ëÚK pÂ�ÌB�¡ p¢�ÚK�=Á±2½p�¡ÌO¢FÁ5¿o»��=»�´ å Ë�ÁUéU¬^Ç��¡ÁFÕ� £»bÚK�¡»®ÚK�¡Á��= p»�Í¡�=½p»��¡»m¾.¿o»� s©F­+¢F £¿o»b©Rð�Ë�»�ÌO¢F�Bò¹ÚK p�û�¡ p» � �¡ p½àéÐ¬��¡»�Õè�= p¯
å Ë�ÁÑéÐ¬�ÂB­¨»�ÂiÚKË�ÁÑéÐ¬çÚ�­�©¶Ý9Ï­¨¬�½pÂB­�©h�¡Á5Í¡�¡Ë�Â�¢2¬b­+¢¡òBÌ�­¨»�»�ÚO p� � ÁU­¡ýF�¡ÌO¢F¿�ÁF £�@ÚK�Ê© � �¡ £½séU¬��¡»b©�ÁF�¡ÌB¿�»b©«¢5ÁFËKµ
 p�=ÁF�¡» Û �¡ÁUÚO�¡» ã ©« £�¡¬��~×~­+ð� p¢5�¡½ ã §d´p¤¨ä5ä-´
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å Ë�ÁUéU¬�ëBË��¡ÁF¢á�¡ £»�Âo�=½s­oÚO�¡»��+© � �= p½séU¬��¡»ìÚ�­o©�¯� £¢É�¡ £»��¡¯ Ý9Ï­+¬�½pÂí­o©�Âo�;ÎÐÏË�½p½p¢5�û©«�¡»b©R p¢5 pÃB��Ç�¿o½pË�¯��¡»
�= p»��¡Á � ·¹°�òB�¡Á5�¡ pÂ�»��¡»á©R séU¬i�¡ p»��¹³¶�= p¬��vÃB¿�»�×@¿o½£½p à©« p¿�»��¡»�¯� p¢9ÚK�¡»�Æ�­o©«¯ç¿o½p�=Ì�ÏË�½£�¡»�´+¼4�¡ ëÚK�¡Á�×@¿o½fµ
½£ s©R p¿o»�Í Û  à©FéU¬��¡»áÁF�¡½à­¨¢5 pÃO s©«¢5 s©5éÐ¬��=» � �¡ p½àéÐ¬��¡»NË�»bÚ Æ@­�©F­+¢F¿o¯ç�¡» Û �¡ÁÑÚK�¡»�½£�¡¢FÍ¡¢5�¡ÁF��¯��¡ à©«¢� p¿�»� s©R p�¡Á5¢�´±2 £» � �¡ £½séU¬��¡»�¬� p»O¢F�¡Á5½ Ï­+ÿo¢9©«¿~ p¯�Æ�­o©��¡ p»����Bð�Ë�Á9ÃB¿o»ÉÎSÁF�= p�¡» ±ê½£�¡ÌO¢FÁF¿�»��¡»iË�»ëÚNÆ@­�©« £¿o»��¡»ñ´K¼4�= �ÚK�=Á
�=ÁU©«¢5�¡»T���ÊéÐÌ�©«�¡½ Û  pÁ5ÌKË�»�Â Í Û  s©FéU¬��¡» ÚKË�ÁUéU¬�Â��¡¬��¡»bÚO�¡¯ � �¡ £½séU¬��¡»áË�»bÚ�ÚK�¡»û±2½p�¡ÌO¢FÁ5¿o»��=»�ÚK�¡Á�Æ@­�©Øµ
¯ç¿o½p�=Ì�ÏË�½£��©«ð�ÁF séU¬O¢,¯�­+»ÉÃB¿�»É�¡ £»��¡¯
ð�ÁF £¯�Ï­¨Á5�¡»�¾.¿o»� à©F­¨¢5 p¿�»b©«ð�Á5¿oÍ¡�=ÿ\´B±2ÁF¬�Ï­¨½p¢êÚ�­o©2±2½£�¡ÌK¢5ÁF¿�»ÉÕb�¡ bÚK�=Á
ð�ÁF p¯ Ï­¨ÁF�=»�¾Ø¿�»� s©5­¨¢5 p¿o»ù�¡ p»��áÂoÁ Ï¿oÿ��¡ÁF�áÌK £»��¡¢5 s©FéU¬��á±2»��¡Á5Âo £��­+½s©ÉÚO p�ç¼4 p»bÚKË�»�ÂB©R�¡»��¡Á5Âo p�íòMÌ�­¨»�»�Ú�­o©
±2½£�¡ÌK¢5ÁF¿�» Û �¡ £¢F�¡Á5��¾.¿�»� s©5­¨¢F £¿o»��=»  £¯ Ý9Ï­+¬�½pÂí­o©ÉÃB�¡Á5Ë�ÁU©5­oéU¬��¡»�´ å  £�+©«�=Ái·2ÁF¿�Í¡�¡ÿ Û  pÁÑÚ��B�¡ÌOË�»bÚ�Ï­+ÁF ÷µ¿�»� s©5­¨¢5 p¿o»�Â��¡»b­+»�»K¢F´M±2 £» ±2½£�¡ÌK¢5ÁF¿�» Ì�­¨»�»X©«¿�½s­¨»�Âo���B�¡ÌOË�»bÚæÏ­¨ÁF £¿o»� à©F­+¢F p¿�»��¡»ûÃB�¡ÁFË�ÁÑ©F­�éÐ¬��=»�òKÕ� à©¶�Ê©
Ú�­¨Õb�¡ �©R¿+ÃK £�¡½ñ±ê»��¡ÁFÂ� p��ÃB�¡ÁF½£¿oÁF�=»i¬b­¨¢=ò�Ú�­+ÿá©«�¡ £»��vÌK £»��¡¢5 s©FéU¬���±2»��¡Á5Âo £�0ÌO½p�¡ £»��¡Á�­+½s©²ÚK p��¾.¿o»� à©F­¨¢5 p¿�»Kµ
©R�¡»��¡Á5Âo £��ÚK�+© å �=¢F�¡ÌO¢F¿�ÁFÂB­�©«�+©2 à©«¢�´�±2 p»ið�Á5 p¯ Ï­+ÁF�+©�±2½p�¡ÌO¢FÁ5¿o»iÌ�­¨»�»�­+½s©«¿~¯��=¬�ÁF�¡Á5�²±ê½£�¡ÌO¢FÁF¿�»KµØ¾Ø¿�»��¡»Kµ
·9­o­¨Á5�É £¯ Æ�­o©R¯��+ÚK £Ë�¯Z�¡ÁFÍ¡�=Ë�Âo�¡»ñ´
±2½£�¡ÌK¢5ÁF¿�»��¡»i­+Ëb©,ð�Á5 p¯�Ï­+ÁF�¡»Ù¾Ø¿�»� s©5­¨¢5 p¿o»��¡»�ò�ÚK p��»OË�Á Û �¡»� £Âo�0�í�¡ÌKË�»bÚ�Ï­¨Á5 p¿�»� s©5­¨¢F £¿o»��=»ÉÃB�¡Á5Ë�ÁU©5­oéU¬��¡»�ò�=ÁFÍ¡�¡Ë�Âo�¡»��¡ £»��@»� àéÐ¬O¢�ÂB­¨Ëë©F©�G#©FéU¬��ÉÇ��¡Á5¢F�¡ £½pË�»�ÂB©ØÎSË�»�ÌK¢5 p¿�»�ÚK�=Á�±ê»��¡ÁFÂ� p�¡ÃB�¡Á5½pËb©R¢F���¡»O¢F½s­+»�ÂáÚK�¡Á � ÁU­¡µ
ýF�=ÌK¢5¿oÁF £�~ÚK�+© � �¡ £½séU¬��¡»b©¦´K·2Á5 p¯�Ï­+ÁF�¡½£�¡ÌK¢5ÁF¿�»��¡»i¯� £¢4¬�¿�¬��¡Á�±2»��¡Á5Âo p��Ì�Ï¿�»�»��¡»û©« àéÐ¬ ©«¿ Û �¡ £¢4ÃB¿o»ûÚK�=Á
� ÁU­=ýF�¡ÌK¢5¿oÁ5 p��ÚK�+© � �= p½séU¬��¡»ë©,�¡»O¢«ÎS�¡Á5»��¡»�ò�Ú�­¨ÿ ÚK p���¡Á5Í¡�¡Ë�Â�¢F�¡»ç¾.¿o»� à©F­¨¢5 p¿�»��¡»çÚK�+©�ú �+©F©RÂB­�©«�+© Û �+ÚK�=ÁÍ=Ë�Áá·,¿B©R p¢5 p¿o»ë©«Õb�+©«¢5 p¯�¯áË�»�Âû»�¿OéU¬ Í=Ë�Áá¼4�¡ÁF�ÊéÐ¬�»OË�»�ÂXÚK�+©i¯� p¢5¢F½£�¡ÁF�¡»�©Rðb�¡Í¡ ÷öè©FéU¬��¡»m±2»��¡ÁFÂ� p�¡ÃB�=Á«µ
½£Ëb©«¢5�+©@ÚK�Ê© � �= p½séU¬��¡»ë©4 p¯ ú �+©F©RÂB­�©ÙÃB�=Á Û �=»bÚK�¡¢ Û �¡ÁUÚK�=» Ì Ï¿o»�»��=»�´M¾.»�ÚK £�+©«�=¯Àîb­+½p½9©«ð�Á5 séU¬K¢v¯�­+»ÃB¿�»ûÚK�¡Á�±2»K¢Ñ©«¢5�¡¬KË�»�ÂN�= p»��+©;HÊµØ±2½p�¡ÌO¢FÁ5¿o»b©¦´
å  p�i�¡»O¢F½à­¨»�Â�ÚO�¡Á � ÁU­¡ýF�¡ÌO¢F¿�ÁF £�iÚK�+©@�¡ £»�½s­+ËKÎS�¡»bÚO�¡» � �¡ p½àéÐ¬��¡»b©v�¡ÁFÍ¡�=Ë�Âo¢5�i¾.¿o»� à©F­+¢F p¿�»��¡»�ÚK�Ê© Ý9Ï­¨¬�½fµ
Âí­o©R�+©��¡»K¢Ñ©«ð�Á5�+éU¬��¡»�ÃB¿�»��¡ £»b­¨»bÚO�¡ÁNË�»b­¨Õ�¬�Ï­¨»�Â� pÂo�=»
¾.¿o»� à©F­¨¢5 p¿�»b©«ð�Á5¿oÍ¡�Ê©F©«�=»�òvÚK £��©«¢Ñ­¨¢5 s©«¢5 s©5éÐ¬^Ë�¯
ÚO�¡»�¯� p¢5¢F½p�=ÁF�¡»á±2»��¡Á5Âo £�¡ÃB�¡ÁF½£Ëb©«¢²©5éÐ¬ Û ­+»�ÌB�¡»�´ å  £� Ç��¡Á5¢F�¡ £½pË�»�ÂÉÚO�¡Á�¾.¿o»� à©F­¨¢5 p¿�»b©«�¡ £»�Í¡�¡½£¯��+©5©«Ë�»�Â��¡»Ì�­+»�»�ÚKË�ÁUéU¬��¡ p»�� õñ­+»bÚ�­¨ËOµ.Ç��¡Á5¢F�¡ £½pË�»�ÂiÕb�+©5éÐ¬�ÁF p�=Õè�=» Û �¡ÁÑÚK�¡»�´�ÝbË�Á�¼4�Ê©«¢F £¯�¯iË�»�ÂÙÚK�+©h¯ç p¢F¢5½p�¡Á5�¡»±2»��=ÁFÂo £�¡ÃB�¡Á5½pËb©R¢F�+©~­¨Ëë©NÚK�=»�¾.¿o»� à©F­¨¢5 p¿�»b©«�¡ £»�Í¡�¡½£¯��+©5©«Ë�»�Â��¡»�Õè�ÊÚK p�¡»O¢É¯ ­¨»�©R séU¬�ÚK�¡ÁJILK�MN �OP���RQ�S�TU Q��V ÊµØú �¡¢F¬�¿OÚO�i´ ô  p�=ÁFÕb�¡  Û  pÁÑÚ �= p»�ÌB¿o»b©R¢U­+»K¢5�¡Ávß0»O¢F�= p½ñÚK�¡Áv¬�¿�¬��¡»ûú �+©5© Û �=ÁF¢F�ÙÚK�¡ÁvÇ��¡ÁF¢5�¡ p½£Ë�»�ÂÃB�=Á Û ¿�Á«ÎS�¡»ñ´ å  £�i­+ÌKÍ¡�=ð�¢F £�¡ÁF¢5�¡»ûú �¡ÿ Û �¡ÁF¢5�i©« £»bÚ »OË�» »�¿�ÁF¯�­+½pÃB�¡Á5¢F�¡ £½p¢²Ë�»bÚ�ÚK�¡ÁÙú  p¢F¢5�¡½ Û �¡ÁF¢²½RÏ­+ÿo¢©R séU¬¥½p�= séU¬K¢�Õb�+©«¢5 p¯�¯ç�¡»�´²¾Ø»�ß0Õ�Õ� p½àÚKË�»�Â ã�W ´káoäû©R p»bÚ
­¨½£½p��¾.¿�»� s©5­¨¢F £¿o»b©R�¡ p»�Í¡�¡½p¯ç�+©F©RË�»�Âo�=» �¡»O¢«µ
½à­¨»�Â��¡ £»��¡Á��Bð�Ë�ÁN £» �= p» ô  s©R¢F¿�ÂoÁU­+¯�¯ �¡ £»�Âo�=¢FÁU­+Âo�¡»ñ´ å  p��¬�Ï¿íéÐ¬b©R¢F�¡» W Ä � ©R¿ Û  p�ûÚK p��»� £�+ÚKÁ5 pÂ¨µ©R¢F�¡»ç¤ ói� ÚK�¡Á9¾.¿o»� à©F­+¢F p¿�»b©«�= p»�Í¡�=½p¯��+©5©«Ë�»�Âo�¡» Û Ë�ÁUÚK�¡»�ÃB�¡Á Û ¿oÁRÎS�¡»�´ å  p�v­+ÌKÍ=�¡ð�¢F £�¡ÁF¢5�¡»~ú �+©5©«Ë�»�Âo�¡»©R p»bÚ�©FéU¬�ÁU­����=ÁF¢9Ú�­¨Á5Âo�+©R¢F�¡½£½p¢�´ å  p�vø�ð�¢F £¯� p�¡Á5Ë�»�Â¹ÚK�¡Á � ÁFË�»bé=­¨¢F�ÊÚ¸µRú �Ê­¨»KµØú �¡¢F¬�¿OÚK� Ï W ©R¢, £»Tß ú ¿Oé¡¦�áFâ
­+Ëb©ØÎÐÏË�¬�ÁF½£ séU¬ÜÕb�¡¬ë­¨»bÚK�=½p¢�´
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y|}��!y|{n��x!�!{u�!l�}�yn� �� ���!o3�%y|�_i�j�k4o �-Ê }�yn�!}�yn�!}�y|�!{%}��èto3�3y��l����kÜ�!y|{5Ï � �!}�oXmè�3} � �2o3y|}��!ý|y���~/y|o3o%�!�!��y|� Ê �2{3�!y|�
�zmè�X�
�!y|{nmz���F¨[oX ��_��¤qpsr­�� �¨utÉã y|�3� � �!y
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å �¡Á�¯� p¢5¢F½£�¡ÁF�á±2»��¡Á5Âo £�¡ÃB�¡ÁF½£Ëb©«¢~Ë�½£¢FÁÑ­¨ÁF�=½s­¨¢5 pÃO s©R¢F s©5éÐ¬��¡Á � �¡ p½àéÐ¬��=»� p»m×@¿o½p½£ s©R p¿o»��¡»�¯ç p¢�ÚK�¡»�Ý9Ï­+¬�½÷µ
ÂB­�©«¯�¿�½p�¡Ì�ÏË�½£�¡»� s©«¢ç�¡ p»��Xî�Ë�»�ÌO¢F p¿�»DÚK�¡Á � �¡ £½séU¬��¡»�Â��+©FéU¬ Û  £»bÚK £ÂoÌB�8 p¢?z�´ å  p�Xß0Õ�¬�Ï­+»�Âo £ÂoÌB�¡ £¢�ÚK�Ê©¯� £¢F¢F½£�¡ÁF�=»
±2»��¡ÁFÂ� p�¡ÃB�=ÁF½pËë©«¢F�Ê© ÃB¿�»ZÚK�¡Á�Æ��+©5éÐ¬ Û  p»bÚO pÂoÌB�= p¢��¡ £»��+© � �¡ p½àéÐ¬��¡»b© Û Ë�ÁÑÚK� �=ÁU©«¢5¯�­¨½à©ÃB¿o» ¼4�¡¢F¬���Ë�»bÚ
¼4½£¿OéÐ¬^Î8ÏË�Á � �¡ £½séU¬��¡»�òvÚO p��©5éÐ¬ Û �¡Á5�¡Áû­¨½à© ±2½p�¡ÌO¢FÁ5¿o»��=»
©« £»bÚMòv¯�­¨¢5¬��¡¯�­+¢F à©FéU¬Õb�+©FéU¬�Á5 p�¡Õb�¡»Cß ¼4�¡¢ W ó â �

{}| Ú�~ÚL�E�/�/�`����� §������u� Ò î��� � z Ò��;Ò ��� ½p» À � � z Ò � Ò� ã ¤ { z Ò ä { z Ò { H ã z�ä {���� ´ ã�W�� ¤+ä
�vÕb�+©5éÐ¬�Á5�¡ pÕ�¢�ÚK p��±2½£�¡¯��¡»O¢U­+ÁF½s­�ÚKË�»�Â�ò���ÚK p�~õñ­oÚOË�»�ÂáÚK�+©2�¡ £»�½s­+ËKÎS�¡»bÚO�¡» � �= p½séU¬��¡»ë©;òV�^ÚK £��×@�¡ÁF»Kµ
½s­�ÚKË�»�Âí©«Í+­+¬�½�ÚK�+©²ú �+ÚK £Ë�¯�©;ò � � ã � ÄO¤o¤@ÌB�¡Ç�È+é¡ÒFä²ÚK £�@±2½p�=ÌK¢5ÁF¿o»��¡»�¯�­�©F©«��Ë�»bÚ � ãR� ��ä�Ú�­�©v¾Ø¿�»� ÷µ
©F­+¢F £¿o»b©Rðè¿�¢F�¡»O¢F à­¨½9ÚK�+©@Æ�­o©«¯ç�+ÚK pË�¯�©;ò � ÚK p�i�OéU¬b­+½p�¡»�ÌB¿�ÁFÁ5�¡ÌK¢5Ë�ÁhÎÐÏË�Á � �¡ p½àéÐ¬��¡»�Âo�Ê©FéU¬ Û  £»bÚK pÂ�ÌB�; £¢«µ�¡»^ £¯ ¼4�=ÁF�¡ àéÐ¬mÚK�¡Á Y ¯�½s­+ËKÎSÂo�Ê©FéU¬ Û  £»bÚK pÂ�ÌB�¡ f¢F�¡»ìÚK�¡Á�­+¢F¿o¯ ­¨ÁF�=»D±ê½£�¡ÌO¢FÁF¿�»��¡»mË�»bÚ}H � H ã z�ä
ÚK £� å  séU¬K¢5�;µØ×Ù¿�ÁFÁ5�¡ÌK¢5Ë�Á¡ò Û �=½séU¬��DÚ�­o©�Õb�¡ �ÁF�=½s­¨¢5 pÃO s©R¢F s©5éÐ¬��¡»\Æ��+©5éÐ¬ Û  p»bÚO pÂoÌB�= p¢F�=» ¢5ÁU­+»b©«ÃB�¡ÁÑ©F­+½�¡½£¿o»�Â� p�¡Á5¢F���¡½p�=ÌK¢5ÁF¿o¯ ­¨Âo»��¡¢F à©FéU¬�� � �¡ £½séU¬��¡»KÎS�¡½àÚ�ÚKË�ÁÑéÐ¬mÚK £� ½£¿oÌ�­¨½£��·,¿�½s­¨Á5 s©5­¨¢F £¿o»®ÚK�+©áú �+ÚK pË�¯�©
ÌB¿o¯çðè�=»b©« £�¡ÁF¢F´ å  séU¬K¢5�;µR±�©ñ�¡ÌO¢�Ë�»bÚ��OéÐ¬ë­¨½p�=»�ÌB¿oÁ5ÁF�¡ÌO¢FË�Á Û �¡ÁÑÚK�¡»�­¨Ëë©ØÎÐÏË�¬�Á5½p àéÐ¬
 p» ß î��¡Á5§ ó âiË�»bÚ
ß �í¢F�+ÄzÀ2â�Õb�+©FéU¬�Á5 p�¡Õb�¡»�´
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Z	[\[\]_^a`�bdc\egfih�¡ ü�}��2�Fouç!l�y|{�~/}��%�3��y|{%yUv\�!y�{3�¦}�y � y|{3���!o%��y|}��!y�o�ä\y|}����X�2y|�!o£¢`¤�¥]¦7§�¥F¨�©�}��?ãgä�å5æ(mè���_�¦y��3{Xmè�¦y|���y|�¦y|�/�!y|�	Ïa~/x!�!��o�� ��!{ � y|{3o%�X�2}�y��!y|�!y0ä\y|}����!y|�2o � {%�3y|���!l�}�y�Ën�!{ � y|����y|���3y|� �¦� �	�2�F�%y|�	�zmè�X�
� �zy|�/� ��2{ñå\{ � � � �!y|��ÿ!Ë0m � �!y|�1ÿ!å\} � �!y|�g�!�!�Rå � o%}��%{ � �!y|�­��å\m-{Xmè~�y|�%{3}�o3}�y|{%�!�!� �¦� �?ãgy|o%o3�!� t��y|�g�!y|o�p�q�r�s	v\w�xzy|{%}�~�y|���3y�oX¢|��¼y|���F�%oÎç5q��!� �mè�!�¦}����¦y|}��
�!y|o�~/}��3�3��y|{%y|�Ìv �!y|{3��}�y � y|{%���!o3�%y|o �¦� �Ù� � �z�«ªV¬z¢®­÷� � �z�Íx�§-~g¢n�!y|oä\y|}������!y|�!ou�dl�}�y£ãAm-{3��}�y|{%�!�!�¦y��°o3�%y|����y|�¿�!}�y	p�q�rFsut3lnm-�%y|�¿�zm-{uÿi�!}�y	�!�!{%���!�¦y|ý � �¦y��!yRüi}��!}�y�zmèo���y|o%�!���Xmè���!y|{�q��!xzmèo3o3�2�!�	�zm-���g�!y|{nå\m-{Xmè~�y|�%{3}�o3}�y|{%�!�!�®v ã � �Îs�xRy3�

¾.»ùß0Õ�Õ� £½sÚKË�»�Â ã�W ´#Å¸ä�½p p»�Ì�©0 à©«¢�ÚK�¡Á~¯� £¢F¢5½p�¡Á5�i±2»��¡Á5Âo p�=ÃB�¡ÁF½£Ëb©«¢�­¨ËKÎSÂ��¡¢FÁÑ­¨Â��¡»�Âo�¡Â��¡»�ÚO�¡»�¾.¯�ð�Ë�½s©
Î ÏË�Á�ÃB�¡ÁU©5éÐ¬� £�+ÚK�¡»�� � �¡ p½àéÐ¬��¡»b©«¿�ÁF¢5�¡»�´ å ­o© å  à­¨ÂoÁÑ­¨¯�¯ Û Ë�ÁÑÚK��¯� £¢ ô  p½fÎS���¡ £»��¡Á��B¢F�¡ £»�¬��¡ £¯��¡ÁRµ·9­¨ÁU­+¯��¡¢5ÁF s©R p�¡Á5Ë�»�Â�ÃB¿�»D´@ß0§B¦�ú � ·,µ å ­¨¢F�=» ÎÐÏË�ÁçÚK £� ÃB¿o»®¼4�¡¢F¬��;µR¼4½£¿OéÐ¬�Õb�¡Á5�+éÐ¬�»��¡¢F�Xî�¿oÁF¯ç�¡½
�=ÁU©«¢5�¡½p½£¢°ß ú ¿Oé=¦�á!â�´ å �=Á ¯ç p¢F¢5½p�¡Á5�i±2»��¡Á5Âo £�¡ÃB�¡ÁF½£Ëb©«¢�Î8ÏË�Á�·êÁ5¿o¢5¿o»��¡»æò2×~­¨¿�»��¡»�Ë�»ëÚ�·2 p¿o»��¡»�©«¢5ÁF�¡Õ�¢
¯ç p¢�©«¢5�¡ pÂ��¡»bÚK�=¯À¾.¯�ð�Ë�½s©�Âo�¡Â��¡»��¡ p»��¡» ÌB¿�»b©«¢Ñ­¨»O¢F�¡»(���¡Á5¢¡òñÚK�¡¯ ©«¿�Âo�¡»ë­¨»�»O¢F�¡»�î��¡Á5¯� ÷µØ·2½s­+¢F�+­+Ë�ò
Û Ï­+¬�ÁF�=»bÚ�ÚO p�á±2½p�¡ÌO¢FÁ5¿o»��=»� p¯�¾.¯�ð�Ë�½s©RÕè�=ÁF�¡ àéÐ¬�ÃB¿�»�¤iÕ� à©É¤ ó�ó Æ��¡ÇÉÈÊéi©« àéÐ¬�Õb�¡Á5�¡ p¢Ñ©0 p¯
îë�=ÁF¯� fµ·2½à­¨¢F�Ê­¨Ë Õb�;öë»bÚK�¡»�´
å ­o© å  s­+ÂoÁU­+¯�¯�Í¡�¡ £Âo¢=ò2Ú�­+ÿ��¡ p»�� ¾«ÚO�¡»K¢5 ÷öbÍ= p�¡Á5Ë�»�Â�ÃB¿�»�±2½£�¡ÌK¢5ÁF¿�»��¡»� p»��¡ £»��¡¯ ¾.¯�ð�Ë�½à©«Õb�¡ÁF�= séF¬
ÃB¿�»=ÀiÕ� s©�À ó Æ0�=ÇÉÈ+é@ÂoË�¢@¯ Ï¿oÂ�½p àéÐ¬á s©R¢¡òbÚ�­N £»ûÚK p�+©R�¡¯Þ¾.¯�ð�Ë�½s©«Õb�¡Á5�¡ séU¬çÚK p� � ÁF�¡»�»OË�»�ÂçÚK�+©v¯� £¢«µ
¢5½p�¡Á5�¡»ç±ê»��¡ÁFÂ� p�¡ÃB�¡Á5½pËb©R¢F�+©�ÚK�=Áv·2ÁF¿�¢F¿o»��¡»�ò�×~­+¿o»��¡»�Ë�»ëÚ�·2 p¿o»��¡»�ÃB¿o¯Z¯� £¢F¢F½£�¡ÁF�=»i±2»��¡Á5Âo p�=ÃB�¡ÁF½£Ëb©«¢
ÚO�¡Ái±2½p�=ÌK¢5ÁF¿o»��¡»�¯�Ï¿�Âo½p àéÐ¬� à©«¢F´,¾.¯ ¾.¯�ð�Ë�½à©«Õb�¡ÁF�= séU¬ Ë�»O¢F�¡Á5¬b­¨½£Õ�ÃB¿o»®¤ÜÆ��¡ÇÉÈÊéN»�Ï­¨¬��¡ÁF¢ ©« séU¬�ÚK�=Á
¯ç p¢F¢5½p�¡Á5�~±2»��¡Á5Âo p�=ÃB�¡ÁF½£Ëb©«¢�ÚK�¡Á~·2Á5¿o¢F¿�»��¡»ùÚK�¡¯ ¯� p¢5¢F½p�=ÁF�¡»�±2»��=ÁFÂo £�¡ÃB�¡Á5½pËb©R¢�ÚK�¡Á~±2½p�=ÌK¢5ÁF¿o»��¡»�´ñ¾Ø¯
¾.¯�ð�Ë�½s©RÕè�=ÁF�¡ àéÐ¬û¿oÕb�¡ÁF¬ë­¨½pÕD¤ ó Æ0�=ÇÉÈ+éi»�Ï­¨¬��¡ÁF¢ ©« séU¬ùÚK�¡ÁÉ¯ç p¢F¢5½p�¡Á5�i±2»��¡Á5Âo £�¡ÃB�¡ÁF½£Ëb©«¢ÙÚK�¡Ái·2 £¿o»��¡»æò
×~­+¿o»��¡»�Ë�»ëÚ�·2ÁF¿o¢5¿o»��=»�ÚO�¡¯�¯� p¢5¢F½£�¡ÁF�¡»X±2»��¡ÁFÂ� p�¡ÃB�=ÁF½pËë©«¢~ÚK�=Ái±2½p�¡ÌO¢FÁ5¿o»��=»�­+»�´ ô  £�¡Á Û  pÁÑÚ�ÚK £�±2½£�¡ÌK¢5ÁF¿�»��¡»� àÚK�¡»O¢F ÷öëÌo­+¢F £¿o»^ÚOË�ÁUéU¬¥ÚO�¡»^¯� p¢5¢F½£�¡ÁF�¡»m±2»��¡Á5Âo £�¡ÃB�¡ÁF½£Ëb©«¢á�¡ £»��+© � �¡ p½àéÐ¬��¡»b©i p»^�¡ £»��¡¯
Æ�­�©FÚK�¡¢5�¡ÌO¢F¿oÁ� p¯ç¯��;Á²©5éÐ¬ Û  p�¡Á5 pÂ��¡Á�´å  p�Zß0Õ�¬�Ï­¨»�Â� pÂoÌB�= p¢ ÚK�+© ¯� £¢F¢5½p�¡Á5�¡»Þ±2»��¡Á5Âo p�=ÃB�¡ÁF½£Ëb©«¢5�+©�ÃB¿o¯ ¾.¯�ð�Ë�½à© Î8ÏË�Á¥Ë�»O¢F�=ÁU©FéU¬� £�+ÚK½p àéÐ¬��
� �¡ £½séU¬��¡»� s©R¢@ p»�ß0Õ�Õ� p½àÚKË�»�Â ã�W ´ Å¸ä¹ÁF�+éU¬K¢Ñ©0Ú�­¨ÁFÂ��+©«¢5�¡½p½£¢�´ � ÁÊÏ­¨Â�¢ ¯ ­¨»�ÚO�¡»�±2»��¡ÁFÂ� p�¡ÃB�=ÁF½pËë©«¢vÂo�=Âo�¡»
�= p»��
Æ�Á+Ï¿oÿ���­¨ËKÎ5òçÚK p�D»KË�Á�ÃB¿o»ªÚK�¡Á Æ��+©5éÐ¬ Û  p»ëÚK pÂ�ÌB�¡ p¢ù­¨Õ�¬�Ï­¨»�Â� pÂZ s©«¢=òá©«¿ Û  pÁÑÚ\Ú�­o©�Ç��¡Á«µ
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¬b­+½p¢F�=»�ÚK�¡Á�Ë�»K¢5�¡ÁU©5éÐ¬� £�+ÚK½£ séU¬��¡» � �¡ £½séU¬��¡»
ÚOË�ÁUéU¬
�¡ p»��m×@Ë�Á5ÃB� Õb�+©5éÐ¬�ÁF p�=Õè�=»�´ ô  p�=ÁFÍ¡Ë¥ à©«¢ùÚK p�
Ç²­¨Á5 s­¨Õ�½p��½p¿�Â ã z�¯�ä � ½p¿�Â ã ð±°¡¯ ä Õè�Ê©«¿o»ëÚK�¡ÁU©�ÂoË�¢�Â��¡�¡ pÂ�»��¡¢=òvÚ�­�ÚK�¡Á�¼4�=ÁF�¡ àéÐ¬mÁF�¡½à­¨¢F £ÃK à©«¢5 s©FéU¬��¡ÁÆ��+©FéU¬ Û  p»bÚK £ÂoÌB�¡ £¢F�¡»��=»K¢5Í¡�¡ÁFÁ5¢ Û  pÁUÚí´ å  £��ÃB�¡ÁU©5éÐ¬� p�+ÚK�=»��¡» � �¡ £½séU¬��¡»b©R¿oÁ5¢F�¡»�Õb�¡Ã�Ï¿�½pÌB�¡Á5»�»OË�»�Ë�»Kµ¢F�=ÁU©FéU¬� £�+ÚK½p àéÐ¬���¼4�¡ÁF�¡ àéÐ¬��@ÚK�=Á�×ÙË�ÁFÃB�i´
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¾.»�ÚO p�+©R�¡¯�×~­¨ð� p¢F�=½ Û  pÁÑÚ Õb�+©5éÐ¬�Á5 p�¡Õb�¡»æò Û �¡½àéÐ¬�� å ­¨¢5�¡» ÎÐÏË�ÁvÚK £�v p»çÚK p�+©R�¡Á�ß0Á5Õb�¡ p¢²ÚKË�ÁÑéÐ¬�Âo�;ÎÐÏË�¬�ÁF¢F�ß0»b­+½pü�©«�2Í=Ë�Á�Ç��¡Á«ÎÐÏË�Â�Ë�»�Â�©R¢U­¨»ëÚK�¡»ÉË�»bÚ@¯� p¢ Û �=½séU¬��¡»~ú �¡¢5¬�¿OÚK�¡»�­+Ëb©�ÚK�¡»�³v¿o¬bÚ�­+¢F�¡» ±2½p�¡ÌO¢FÁ5¿o»��¡»Ë�»bÚ�·�¿B©« £¢FÁ5¿o»��¡»�©R�¡½p�=ÌK¢5 p�¡Á5¢ Û Ë�ÁUÚK�=»�´ å  £�É p»�ÚO p�+©R�¡Á@ß�ÁFÕb�¡ p¢�ÃB�¡Á Û �¡»bÚO�¡¢F�¡»X±2ÁF�¡ £Âo»� à©F©«� Û Ë�ÁUÚO�¡»
Û Ï­¨¬�ÁF�¡»bÚ�ÚK�¡Á��B¢FÁÑ­¨¬�½£Í¡�¡ p¢� p¯ ô �¡Á5Õb©«¢i¤=¦o¦�Ä�­¨ËKÎSÂ��¡Í¡�¡ àéÐ¬�»��¡¢�´b±�© Û Ë�ÁUÚO�¡»�¤ � ÄzÀK¤¡¦�±2Á5�¡ pÂ�»� s©5©«�i p»ÚK�¡Á�ÄB� � å Ö�Ä�ú�­+Âo»��¡¢RÎS�¡½sÚBµ�×@¿o»OöbÂoË�ÁÑ­¨¢5 p¿o»�­+»b­¨½£ü�©R p�¡Á5¢�´

4=728 6ÆÅÈÇ&É >AÞÌ: ;CIUBnQ�ÔHÞOBEDF:*; GH>AQ ÛÜ@4Ô=Q�BnQ
Ø?Ê�>RÞ(Bn:ÙQ	DF>V;
´@­�éÐ¬áÚK�=Á å ­¨¢F�=»b­¨ËKÎS»ë­¨¬�¯���©«¢5�¡¬��¡»çÚK £��ú �¡ÿ Û �¡ÁF¢5��ÚK�¡Á å �¡¢5�¡ÌK¢5¿oÁ5�¡»�­+½s©�©«¿�Âo�¡»ë­¨»�»O¢F�~³v¿o¬ëÚ�­¨¢5�¡»Í¡Ë�Á�Ç��¡Á«Î ÏË�Â�Ë�»�Âd´2¾.»mÚK p�+©R�¡»�³v¿o¬bÚ�­¨¢F�=»�©R p»bÚùÚK p��ÚO pÂo £¢U­+½p s©R p�¡Á5¢F�¡»ù¾.»KÎS¿oÁ5¯�­¨¢5 p¿�»��¡»ù­¨½p½£�¡Á å �¡¢F�¡ÌBµ
¢F¿�ÁF�¡»D�¡»O¢F¬b­+½p¢5�¡»�´ å �¡» ô ­¨Ë�ð�¢F¢5�¡ p½~ÚO�¡Áû³¶¿�¬bÚ�­¨¢5�¡»¥½£ p�;ÎS�¡Á5»DÚK p� � ·4°²©Ü¯� £¢� p¬�ÁF�¡»^ £»b©«Â��+©F­+¯N¢
¤¡Å óoó�óoó ×~­¨»�Ï­+½p�¡»�´b±2 £» ¼4½£�¡ ÷µØ¼4½p�= b±2ÁF�¡ £Âo»� à©¶ÃB�¡Á5Ë�ÁU©5­oéU¬K¢¹é¡­�´�¤ ó ú�¼D³v¿o¬bÚ�­+¢F�¡»ñ´ å  p�+©R��³¶¿�¬bÚ�­¨¢Rµ
�¡» Û �¡ÁÑÚK�¡»�ÃB¿o»ù³¶�=ÌB¿o»b©R¢FÁFË�ÌK¢5 p¿o»ë©«ð�Á5¿oÂoÁÑ­¨¯�¯ç�¡»�­¨»b­+½pü�©« £�¡ÁF¢F´�ú  p¢�ÚK�¡¯ °�½£Ëb©«¢5�¡Á«öë»bÚK�¡Á Û �=ÁUÚK�¡»Í¡Ë�»�Ï­oéU¬b©«¢�ÚO p�v·�¿B©« £¢F £¿o»iË�»bÚiÚO p�0õñ­�ÚKË�»�Â�ÚK�=Á2�¡ p»�Í¡�¡½p»��¡»Éõñ­oÚOË�»�ÂB© Û ¿�½pÌB�¡» ã °�½£Ëb©«¢5�¡Á;äÑò Û �¡½séU¬��²ÚK p�
� �¡ p½àéÐ¬��=»ÜÕb�¡ £¯ å Ë�ÁÑéÐ¬�ÂB­¨»�Â ÚOË�ÁUéU¬�Ú�­�© å �¡¢5�¡ÌO¢F¿oÁ5ÂB­�©0�¡ÁFÍ=�¡Ë�Âo¢�¬b­+Õè�=»�òèÕb�¡Á5�+éU¬�»��¡¢ ã ß0Õ�Õ� p½àÚKË�»�Â
ã §d´p¤+äFä-´
å  £��·�¿B©« £¢F £¿o»b©R p»KÎS¿�ÁF¯�­+¢F p¿�»��¡» Û �¡ÁUÚO�¡»�ÚKË�ÁUéU¬
�¡ p»�×@¿oÁ5ÁF�¡ÌO¢FË�ÁFð�Á5¿oÂoÁÑ­¨¯�¯ ­¨ËKÎçÇ��¡ÁFÍ¡�=ÁFÁFË�»�Âo�¡»
ÚKË�ÁÑéÐ¬çî��¡½sÚO p»�¬�¿�¯�¿oÂ��¡»� £¢+Ï­¨¢5�¡»iÚO�+©�ú�­¨Âo»��¡¢«ÎS�¡½àÚK�+©,Ë�»bÚ�ÚK�¡Á9�¡½p�¡ÌO¢FÁ5 s©5éÐ¬��=»iî��¡½sÚO�¡Á ã  £»áÚK�¡» � ·4°²©Ðä
ÌB¿oÁ5ÁF £Âo p�=ÁF¢�´
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Z	[\[\]_^a`�bdc\e/ú1hkj ��m-�!~/x!�!�!���3y��_å\�2�!���3yÎ¢��!�!����x2�!{3y|�/�_üi}��!}�y|��¢��!y|{1��y|}�y|}��!y|{1ý�y|���3{Xmè��y|������y|} t ����y|} tÆË � ����}�o3} � �y|{%ý|y|�!���3y|�/ä\y|}������!y���}��
�!y|{ímè�!oÎ��y��X���%y|���¦y|�	�zmè{3��y|o3�%y|�����%y|�	þ�ä�å5æ£�U�Í�!}����3y|�z¢ �!�!�
þ�ä�å�æ/.
� �¦� {%�!yÎ¢��!Ïa��þ�ä�å�æ£�n}�o3���!}�y�� � �!y0l�}������3y ��� ��o%�Xmè{3����y|��{ ��!~/~	�3y|�	��x!�2{3y|�g�¦�2��ý|�gy|{3��y|��t�!y��1�

å �¡Á�» Ï­oéU¬b©«¢5�@�OéU¬�ÁF £¢F¢� s©«¢êÚ�­o©4ÝbËb©5­¨¯�¯��=»KÎ ÏË�Âo�=» �= p»�Í¡�=½p»��¡Á�°�½pËë©«¢F�=Á2Í¡Ëi�¡ £»��¡Á��Bð�Ë�Á ã ©R p�¡¬��vß0Õ�Õ� p½÷µ
ÚOË�»�Â ã §\´p¤+äFäU´ å ­¨Í=Ë Û Ë�ÁÑÚK�4¬� £�¡Á�ÚO p�²ú �¡¢F¬�¿OÚK�vÚK�=Á2�Bð�Ë�Á5ÃB�¡Á«ÎS¿�½pÂoË�»�Â0ÃB�=Á Û �=»bÚK�¡¢ �¡å  £�¶°�½£Ëb©«¢5�¡Á� p¯¬� p»O¢F�¡Á5�¡»i¼4�¡Á5�¡ séU¬~ÚK�Ê© å �¡¢5�¡ÌK¢5¿oÁÑ©�ÃB�¡ÁÑ©«ËbéU¬O¢�¯�­¨»�Í¡Ëi�¡ p»��¡¯d�Bð�Ë�ÁU­¨Õë©FéU¬�»� p¢5¢2Í¡Ëb©5­¨¯�¯ç�¡»�Í¡ËKÎÐÏË�Âo�¡»�´
å  p��©«¿�Â�� Û ¿�»�»��¡»��¡»��Bð�Ë�ÁÑ­¨»b©=Ï­¨¢FÍ=� Û �=ÁUÚK�¡»��¡ïO¢FÁÑ­¨ðb¿o½£ p�¡Á5¢�´b±2»O¢F½s­+»�ÂçÚK�¡Áv¬OüKðb¿o¢5¬��¡¢5 s©FéU¬��¡» ¼v­¨¬�»ÚO�+© � �¡ £½séU¬��¡»b©�©«ËëéÐ¬O¢2¯�­+»i»b­oéU¬ Û �¡ p¢5�¡ÁF»á°�½pËb©R¢F�¡Á5»�´Bú  £¢�ÚK p�Ê©«�¡¯
 p¢5�¡ÁU­+¢F £ÃB�¡»ÉÇ��¡ÁRÎþ­¨¬�Á5�¡»iÃB�¡Á«ÎS¿�½pÂ�¢¯ ­¨»��¡ p»��É�Bð�Ë�Á�ÚOË�ÁUéU¬ûÚK�¡»�ÂB­+»�Í¡�¡» å �¡¢F�=ÌK¢5¿oÁ�´
å  p��Õb�+©FéU¬�ÁF £�¡Õb�¡»���ú �=¢F¬�¿OÚK��Õb� Û Ï­+¬�ÁF¢á©R séU¬�Õb�¡ v»� p�ÊÚKÁF £Âo�¡Áá�Bð�Ë�ÁÑÚK séU¬K¢5��Ë�»bÚ�Õb�¡ ��Bð�Ë�Á5�¡»�¯� p¢Â��¡ÁF £»�Âo�=Áv×@Á ÏË�¯ç¯NË�»�Â\´B·2ÁF¿�Õ�½p�=¯�­¨¢5 s©FéU¬��¡Á� s©R¢vÚ�­�©0�Bð�Ë�ÁRöb»bÚK�=»Ü»ë­oéU¬�ÚK p�Ê©«�¡Á²ú �¡¢5¬�¿OÚK�~ p»ç³¶�=Âo p¿+µ
»��¡»^¯� p¢á¬�¿�¬��¡Á å  àéÐ¬O¢F�íòh £»^ÚK�¡»��¡»D©« àéÐ¬DÚK £���Bð�Ë�ÁF�¡»^¢5�¡ p½ Û �¡ à©«�mÏË�Õb�¡Á5½s­¨ð�ðè�=»�´ å �¡Á �Bð�Ë�Á«öb»ëÚ¸µË�»�ÂB©5­¨½pÂ�¿oÁ5 p¢F¬�¯NËb© �=ÁFÍ¡ £�¡¬�½p¢ûÚ�­+¬��¡Á� £¯ ¼4�¡ÁF�¡ àéÐ¬ ÚK�¡ÁûÇ � ·4°�¤ ÌB�= p»���¿oð�¢5 p¯�­+½p�¡» ±2ÁFÂ��¡Õ�»� à©F©«�íò
Û ¿�ÃB�¡ÁF¯ç�¡¬�ÁF¢~�Bð�Ë�ÁF�¡»�¯� £¢@Âo�¡Á5 p»�Â��¡¯ ¾Ø¯çð�Ë�½s©�Ë�»bÚ�©«¿�¯� p¢�©«¢Ñ­¨Á5ÌB�¡Ái×@Á�ÏË�¯�¯NË�»�ÂNÃB¿�ÁFÌB¿�¯�¯��¡»�´å ­o©É�Bð�Ë�ÁRöb»bÚK�=» Û  pÁUÚ Â��¡¢FÁ5�¡»�»O¢0ÃB¿�»��¡ £»b­¨»bÚO�¡Á0 £»�Ç � ·4°�¤oòMÇ � ·¹°�ÀOò�ú � ·4°²³ Ë�»ëÚ�ú � ·¹°võÚOË�ÁUéU¬�Âo�8Î8ÏË�¬�ÁF¢F´n��Ï­¨¬�Á5�¡»bÚ^ÚK £�ûÚKË�ÁUéU¬^Ú�­o©iÌB¿o»b©R¢U­¨»O¢F�Xú�­¨Â�»��¡¢«ÎS�=½sÚ�Âo�¡ÌOÁ�ÏË�¯�¯N¢5�¡»��Bð�Ë�Á5�¡»^ÚK�=Á
Â��¡½s­�ÚK�¡»��=» � �¡ £½séU¬��¡»û p»�Ç � ·4°�¤iË�»bÚ Ç � ·4°�À�ÚKË�ÁÑéÐ¬��= p»�� ô �¡½p £ï�Õè�Ê©FéU¬�ÁF £�¡Õb�¡» Û �¡ÁUÚK�=»�ò Û  pÁÑÚ £»ûÚK�¡»�¯�­¨Â�»��¡¢RÎS�¡½sÚ¸ÎSÁ5�¡ p�=»�ú � ·�©4�¡ £»��iÆ0�=ÁU­oÚO�É­+»�ÚK £�~ú �¡ÿ�ð�Ë�»�ÌO¢F��­¨»�Âo�¡ðb­+ÿo¢F´
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å ­+»b­oéU¬�©FéU¬�½£ p�¡ÿ�¢É©R séU¬�Ú�­o©ÉÇ��¡Á5Õ� p»ëÚK�¡»�ÚK�¡Áá�Bð�Ë�Á5�¡»�ò�ÚK £��ÚKË�ÁUéU¬�¯��=¬�ÁF�¡Á5� å �=¢F�¡ÌO¢F¿�ÁF�¡»ùÚKË�ÁÑéÐ¬Kµ
ÂB­+»�Âo�=»�©« £»bÚMòb­+» ã ß�Õ�Õ� p½àÚKË�»�Â ã §\´�À¸äFäµ´

Z�[d[\]�^Æ`�b�cdegú�h�Ç þ�y�{3�!�!�2�!y|�!y�� x!�!{3y��R�!y|{�ädy�}������!y|�/�!}�yn~�y|�!{%y|{3y
l�y��3y|��� � {3y|�A�!�!{3���!�kmè���_y|�1�

å �¡ÁÙ¾Ø¯çð�Ë�½s©v�¡ £»��+©vÂo�¡½à­oÚK�¡»��¡» � �= p½séU¬��¡»ë©4½ Ï­¨ÿ�¢�©« séU¬�ÚOË�ÁUéU¬�×@�¡»�»O¢F»� à©@ÚK�+©@©R¢U­+¢F s©5éÐ¬��¡»�ú�­¨Â�»��¡¢«µ
ÎS�¡½àÚK�+©2 p»çÚK�¡»�Ç��¡Á5¢F�¡ï � ·4°²©4Ë�»bÚ�ÚK�=¯Z×ÙÁ�ÏË�¯�¯áË�»�Âí©«ÁU­�ÚK pËë©2ÚK�¡Á � �¡ £½séU¬��¡»OÕb­¨¬�»#Ñ ã ¯ äæÕè�Ê©«¢F £¯Nµ
¯��¡»ñ´

Á � Ò �lÓ �lÔ � Ñ � ¤
é;¿í©±Õ ã § � ¤+ä

å �¡Á?�^ p»�ÌB�¡½£ÕûÕb�¡Í¡�¡ àéÐ¬�»��¡¢v¬� £�¡Á@ÚO�¡»��B¢F�= pÂoË�»�ÂB© Û  p»�ÌB�¡½9ÚK�¡Á � ÁÑ­¡ýF�¡ÌO¢F¿oÁ5 p�Bò Ô ã � ä�ÚK p� ú�­¨Â�»��¡¢«µÎS�¡½àÚ�©«¢ÊÏ­¨ÁFÌB��Ë�»bÚ Ò ã � óNÖ À�¦o¦oÅ�Æ��¡ÇÉÈ+é � ¯ ä4�= p»���Í¡Ë�ÁÉõb àéÐ¬O¢FÂ��+©FéU¬ Û  £»bÚK £ÂoÌB�¡ £¢ � Ë�¯�Â��¡ÌB�¡¬�Á5¢0ð�ÁF¿¨µðb¿oÁ5¢F p¿�»b­¨½£�i×@¿o»ë©«¢U­+»K¢5�i´�Æ0�=ÁU­oÚO� �íð�Ë�ÁF�=»  p»ûÚK�=»�ú � ·4°²©¶½à­o©5©«�¡»X©« séU¬#×�Ë�»K¢5�¡Á�ÚK�¡Á�ß0»�»b­¨¬�¯ç�Bò
Ú�­+ÿ�©« £�ÉÚO�¡¯ ð�Á5 p¯ Ï­+ÁF�¡»�³v�+­+ÌK¢5 p¿o»ë©«ÃB�¡Á5¢F�¡ï��=»K¢Ñ©«¢U­+¯�¯��¡»Æ× ­¨» ô ­¨»bÚ� p¬�Á5�¡Á�·,¿B©R p¢5 p¿o»ûË�»bÚûß0Ëb©Øµ
ÁF àéÐ¬O¢FË�»�Â��¡ £»bÚK�¡Ë�¢5 pÂá�¡ p»��¡¯ ¾Ø¯çð�Ë�½s©RÃB�¡ÌO¢F¿oÁvÍ=Ë�¿oÁÑÚK»��¡»�´ å ­¨»�» Û Ë�ÁÑÚK�áÚK p�á¼4�=ÁF�+éU¬�»OË�»�ÂçÚK�+©0Í¡Ë�Á
� �¡ p½àéÐ¬��=»� sÚK�=»K¢5 ÷öbÌ�­¨¢5 p¿�»0ÃB�¡Á Û �¡»ëÚK�¡¢F�=»@¯� p¢5¢F½£�¡ÁF�¡»�±2»��=ÁFÂo £�¡ÃB�¡Á5½pËb©R¢F�+©ñÚK�¡Á � �¡ p½àéÐ¬��=»~ÚKË�ÁÑéÐ¬�Â��;ÎÐÏË�¬�Á5¢�´



�&� ) ö���^%�1ø��!" ¶ � õ ¶ � �ÌË �AÍ Ñ�öñ���� !���
4=7¦Ò ÉÕ>JGCÔ=Þ(BEDF: ; GH>RQØÅ Ø¿Bn>J;

¾.¯ ½£�¡¢FÍ=¢F�¡»�×~­+ð� p¢5�¡½ Û Ë�ÁUÚO� ÚO p�û³¶�=ÌB¿o»b©R¢FÁFË�ÌK¢5 p¿o»mÚK�=Áá±êÁ5�¡ pÂ�»� s©5©«��Õb�+©FéU¬�Á5 p�¡Õb�¡»�´ å  p��Õb�¡ �ÚK�=Á³v�¡ÌB¿�»b©«¢5ÁFË�ÌO¢F £¿o»�Â�� Û ¿�»�»��¡»��íð�Ë�ÁF £»KÎS¿oÁ5¯�­¨¢5 p¿�»��¡»�ÚK�¡Á � �= p½séU¬��¡» Û �¡ÁUÚO�¡»� £»��= p»��¡Á å ­+¢F�¡»OÕb­+»�Ìã å �O·ñßÙ°²×Éäæ­¨Õ�Â��¡½p�¡Â�¢�´oÝbË�Á�ß�Õb©«ðb�¡ àéÐ¬��=ÁFË�»�Âv�= p»��+©�±2Á5�¡ pÂ�»� s© Û �¡ÁUÚK�=» �=¢ Û ­ ó ò#Ä0ú�¼4üO¢F�4�íðè�= séU¬��¡Á«µð�½s­¨¢5Í�Õb�¡»�Ï¿�¢F pÂ�¢�´�ÝbË�ß�»KÎþ­¨ÂXÚK�¡Áiß�ÁFÕb�¡ p¢ Û ­¨ÁiÂo�=ð�½s­+»K¢=ò��= p»���ß�»�Í+­¨¬�½hÃB¿�»��¡¢ Û ­�¤ óAÙ ±2ÁF�= pÂo»� s©Øµ©R�¡»�Í=Ë ð�ÁF¿oÍ=�+©F©R p�¡Á5�¡»�´n���¡Âo�¡»m·2ÁF¿�Õ�½p�=¯��¡»�Õb�¡ �ÚK�¡Áá³v�¡ÌB¿o»ë©«¢FÁ5Ë�ÌO¢F p¿�»m©«¢U­+»bÚK�¡»®­¨Õb�¡Á�Õ� s©ÉÍ¡Ë�¯
±2»bÚO�iÚK�¡Á�ß�ÁFÕb�¡ p¢²»KË�Á~¤ � § ÀK¤=¦�±2ÁF�¡ £Ë�Âo»� à©F©R� Í=Ë�ÁvÇ��¡Á«ÎÐÏË�Â�Ë�»�Âd´bú  p¢v�¡ £»��¡Áv©R¿N¬�¿o¬��¡»ûß0»�Í+­¨¬�½�ÃB¿�»
±2Á5�¡ pÂ�»� s©5©«�¡»�ÌB¿�¯NÕ� £»� p�=ÁF¢�¯� p¢v�= p»��¡Á�±2ÁF�¡ £Âo»� à©«Â�Á+Ï¿oÿ��iÃB¿o» ó ò Äçú�¼4üK¢5� ð�ÁF¿�±2ÁF�= pÂo»� s©0 à©«¢��¡ p»����¡Á«µ
¬��¡Õ�½p àéÐ¬��ÜÝb�¡ £¢~»KË�Á~Î8ÏË�ÁiÚ�­o©i¼4�¡Á5�¡ p¢Ñ©«¢F�=½p½p�=»�ÚK�¡Á å ­¨¢5�¡»m­¨»mß0Ëb© Û �¡Á5¢FË�»�ÂB©«Á5�+éU¬�»��¡Á~�¡ÁRÎS¿oÁUÚO�¡ÁF½£ séU¬�´å ­�­¨Õ�Í¡Ëë©«�¡¬��=» Û ­¨Á¡ò�Ú�­+ÿ�ÚK p���B�¡½£�¡ÌO¢F p¿�»b©«ÌOÁF £¢F�¡Á5 p�¡»�¿+ÎS¢ÉÃ�­¨Á5 p p�=ÁF¢ Û �¡ÁÑÚK�¡»�¯ ÏËb©5©«�¡»�ò Û Ë�ÁUÚK�ç�¡ p»��ú �=¢F¬�¿OÚK��Õè�=»�Ï¿o¢5 pÂo¢=òK¯� £¢2ÚO�¡Áv©R séU¬N�¡¢ Û ­AÀ óoó�óoóoó ±2ÁF�¡ £Âo»� à©F©R�0 £»�»��¡Á5¬b­¨½£Õ Û �¡»� pÂ��¡Áv�B¢FË�»bÚK�¡»�ÌB¿�¯Nµð�½p�¡¢5¢É­+Ëb© Û �¡ÁF¢5�¡»�½s­o©5©«�¡»æò�Ë�¯�Ú�­o©@Ç��¡ÁF¬ë­¨½p¢5�¡»�ÚK�¡Ái�B�=½p�¡ÌO¢F £¿o»b©RÌKÁ5 p¢F�=ÁF p�=»  p»�»��¡ÁF¬ë­¨½pÕ�ÃB�=ÁF¢FÁ5�¡¢FÕë­¨Á«µ�=ÁNÝb�¡ £¢FÁ+Ï­+Ë�¯��iÍ¡Ëù©«¢5ËbÚK £�¡ÁF�¡»ñ´ Y ¯�ÚK p�+©~Í¡Ë��¡ÁF¯�Ï¿�Âo½£ séU¬��¡»�ò Û ­+ÁÉ�¡ £»���³v�+ÚKË�ÌK¢5 p¿o»ù­¨½£½p�¡Ái�Bð�Ë�ÁF £»KµÎS¿�ÁF¯�­+¢F £¿o»��¡»ù­¨ËOÎ�ÚK £�iÕè�=»�Ï¿o¢5 pÂo¢5�¡»��Bð�Ë�ÁF £»KÎS¿o¯�­+¢F £¿o»��¡»�»�¿o¢ Û �¡»ëÚK pÂd´�´@­oéU¬bÚK�=¯ ÎS�+©R¢FÂo�=½p�¡Â�¢ Û ­¨Á=ò
Û �¡½séU¬���¾.»KÎS¿�ÁF¯�­+¢F £¿o»��¡»~Õb�¡¯�Ï¿�¢F £Âo¢ Û �=ÁUÚK�¡»æò Û Ë�ÁUÚK�¹­¨ËKÎæÆ0Á5Ë�»bÚK½à­¨Â���ÚK�¡Á�¿oÕOýF�=ÌK¢5¿oÁF £�¡»O¢F p�=ÁF¢F�=»~¼4 pÕKµ½£ p¿�¢F¬��¡ÌB�=»�ÚK�+©@³0ø~ø � µF�íü�©R¢F�¡¯�©��¡ p» å ­+¢F�¡»OÎS¿oÁF¯ ­¨¢~ÚK�8öb»� p�=ÁF¢°ß ³¶¿B¿í¦�ázâ2 p»ùÚK�¡¯
ÚK p�á±2ÁF�= pÂo»� s©F©R�
­+Õ�Âo�Ê©«ðb�¡ séU¬��¡Á5¢ Û Ë�ÁUÚO�¡»�´ å ­�ÚKË�ÁUéU¬ Û Ë�ÁUÚO�4Ú�­o© å ­¨¢5�¡»KÃB¿�½pË�¯ç�¡»@­+ËKÎ� p»b©RÂo�+©5­¨¯�¯á¢ñé¡­�´+¦0Æ�ÕOüK¢5�êÎ ÏË�Á¤ � § ÀK¤¡¦û±2ÁF�¡ £Âo»� à©F©«�iÁ5�+ÚKË�Í= p�¡Á5¢�´ å  £�+©«� å ­¨¢5�¡»�¯��¡»�Âo�~ÌB¿o»�»O¢F� ­¨ËKÎ¶ÚK�¡Á�î��+©«¢5ð�½s­+¢F¢F���¡ p»��+©¶¯ç¿OÚK�¡Á«µ
»��¡»�òK¬ë­¨»bÚK�=½s©+ÏË�Õ�½p àéÐ¬��=»�·,�=ÁU©«¿�»b­¨½àé;¿o¯çð�Ë�¢F�=ÁU©2¯� p¢9�¡ p»��=¯ Y »� pïBµØ¼4�¡¢FÁ5 p�¡Õb©5©«ü�©«¢5�¡¯dÃB�¡Á Û ­+½p¢F�=¢ Û �¡Á«µÚO�¡»�´
å  p�
ß0Ëë© Û �=ÁF¢FË�»�ÂB©Rð�ÁF¿�ÂoÁU­+¯�¯��Bò�ÚK £� Í¡Ë�Á^¼4�¡Á5�+éÐ¬�»KË�»�Â
ÚK�¡Á®±êÁ5Âo�¡Õ� p»b©5©«�¥ £» ÚK�=»\ÎS¿o½£Âo�¡»bÚO�¡»×~­+ð� p¢5�¡½p»�ÃB�¡Á Û �¡»bÚO�¡¢ Û Ë�ÁÑÚK�¡»�ò Û Ë�ÁUÚO�¡»�­+ËbéÐ¬û­+ËKÎ²¼v­o©R s©vÚK�Ê©v³0ø ø � µ5�Bü�©«¢F�=¯�©h�¡ÁÑ©«¢5�¡½p½£¢ �
¬ Z�"%�iõn�d,g��Z�"3��õ7Ú å  £�+©«�Ê©�·2ÁF¿oÂ�ÁU­+¯�¯�ðb­+ÌB�¡¢�©R�¡½p�=ÌK¢5 p�¡Á5¢�ÚK p�D­+½s©�±2½p�¡ÌO¢FÁ5¿o»��¡»� sÚK�=»K¢5 ÷öbÍ¡ £�¡ÁF¢5�¡»

× ­+»bÚK àÚ�­¨»O¢@­+Ëb©�ÚK�¡»û±2ÁF�¡ £Âo»� à©F©«�=»�´
½�,g½�. ¬lÛ "%����Ú å  £�¡»K¢vÍ=Ë�Á~±2ÁFÍ¡�=Ë�ÂoË�»�Â�Ë�»bÚûß0Ëb© Û �¡ÁF¢5Ë�»�Â�ÚO�¡Á �íðè�=ÌK¢5ÁF�¡»XÚK�+©v¯� p¢5¢F½p�=ÁF�¡»�©Rðb�¡Í¡ ÷µöñ©FéU¬��¡»û±2»��¡Á5Âo p�=ÃB�¡ÁF½£Ëb©«¢5�+©�´
,?��Z�"%�iõn��Ü���õ ± ô\����Ú ¼4�¡Á5�+éU¬�»��¡¢áÚK £��¾.»KÃ�­¨Á5 s­+»K¢5�;µRú�­�©F©R�;µF�íðè�=ÌK¢5ÁF�¡»®ÚK�¡Á�­+½s©�±2½p�¡ÌO¢FÁ5¿o»��¡»mË�»bÚ

·,¿B©R p¢FÁ5¿o»��=»�©«�=½p�¡ÌO¢F £�¡ÁF¢5�¡»�×~­+»bÚK sÚ�­¨¢F�=»�´
å  p�+©R�+©�×@¿o»�Í=�¡ð�¢��¡ÁF½à­¨Ë�Õ�¢��¡ p»��¡»^©5éÐ¬�»��¡½p½£�¡» ÝbË�Â�ÁF k©�­¨ËKÎ ÚK £� å ­¨¢5�¡»DË�»bÚD©«¢F�=½p½p¢5��©R¿�ÚO p��¼v­¡µ
©R s© Î ÏË�Á�ÃB�¡ÁF¢5ÁF�¡¢5Õb­¨Á5��³v�+éÐ¬��¡»�Í¡�¡ £¢F�¡»�Í=Ë�Áiß0»ë­¨½pü�©«� ÚK�¡Á å ­¨¢F�=»�´÷�B¿�ÌB¿�»�»O¢F�¡»� £»�»��¡Á5¬b­¨½£Õ�ÃB�¡Á5¢FÁF�=¢«µ
Õë­¨ÁF�=Á Ýb�= p¢FÁÊÏ­¨Ë�¯ç�Ü¯ç�¡¬�ÁF�=ÁF�û×@¿o»KöbÂ�Ë�ÁU­+¢F £¿o»��¡» ­¨»
�B�¡½p�=ÌK¢5 p¿o»�ÌKÁ5 p¢F�=ÁF p�=»�Ë�»bÚD¼4�+©FéU¬�ÁÊÏ­¨»�ÌOË�»�Â��¡»
ð�ÁF¿oÍ=�+©F©R p�¡Á5¢ Û �¡ÁÑÚK�¡»�´



)�¹�� ö���^3��ø��!" ¶ �P½��1 EÏTô�� ��� �±%
4=7è6 ÛÜ>?<F>RÞOBEDF:*; GH>AQºÅ Ø¿Bn>J;

å ­�©¹Ýb £�¡½OÚK £�+©«�¡Á9ß0Á5Õè�= p¢� s©«¢êÚK p���B�¡½p�=ÌK¢5 p¿o»�ÃB¿o»�õb�¡ð�¢F¿o»OµR·2­�­¨Á5�¡»�òOÚK p�¹­¨Ëb©9ÚK�¡¯\Ýb�=Á«Îþ­¨½£½BÃB¿o»°��µUò�Ýoµ
Ë�»bÚA
9µRú �+©R¿o»��=»i¬��¡ÁFÃB¿�ÁFÂ��¡¬��¡»�´!�^ p��­+»KÎþ­¨»�ÂB©�©FéU¬�¿o»i�=Á Û Ï­¨¬�»K¢=ò Û Ë�ÁUÚO��Ú�­o©h°²±�³�´¶µØ±êïOðb�¡ÁF £¯��¡»O¢´@ß0§í¦0Ë�ÁÑ©«ð�Á�ÏË�»�Âo½£ séU¬á­¨½à©ê�= p»á±2ïKðb�¡Á5 p¯��=»K¢�Í¡Ë�Á�±2Á«Îþ­o©5©«Ë�»�ÂiÚK�+©�Âo�+©5­¨¯á¢F�¡»�¬b­oÚKÁ5¿o»� à©FéU¬��¡»ç±2»bÚKÍ¡ËKµ
©«¢Ñ­¨»bÚO�+©@­¨Ëë©«Âo�=½p�¡Â�¢�´�¼4�¡ ��¡ £»��¡Á@�OéU¬ Û �¡ÁF £¿o»��=»KµR×@¿�½p½p à©« £¿o» Û �¡ÁÑÚK�¡»Xé¡­�´�¤¡Ä óoó Â��¡½s­�ÚK�¡»�� ô ­oÚOÁF¿o»��¡»ð�Á5¿OÚKË�Í¡ £�¡ÁF¢=òo p¯�Çh�=ÁFÂo½£�¡ séU¬�Ú�­¨Í=ËN�¡Á Û ­+ÁF¢F�=¢2¯�­¨»i�=¢ Û ­@­¨½£½p� W ó ±2ÁF�¡ £Âo»� à©F©R�v�¡ p»�õb�¡ð�¢F¿o»OµR·2­�­¨Á=ò�Ú�­�©­¨Ëë©NÚK�=¯ Ýb�¡Á«Îþ­+½p½v�¡ £»��+©­�ëµØú �+©«¿�»b©N©R¢U­+¯�¯N¢F´2ø0Õ Û ¿�¬�½�Ú�­�©N´@ß�§B¦�±êïOðb�¡ÁF £¯��¡»O¢~Ë�ÁU©Rð�Á�ÏË�»�Âo½p àéÐ¬»� àéÐ¬O¢�Ú�­+Í¡Ë�­¨Ëë©«Âo�=½p�¡Â�¢ Û ­+Á¡òOÕè�Ê©«¢F�=¬K¢�»OË�»�ÚK £�@ú�Ï¿�Âo½p àéÐ¬�ÌB�¡ p¢=ò¨ £»N�¡ £»��¡¯�Õb�¡Â�ÁF�¡»�Í=¢F�¡»ç¾.¯�ð�Ë�½à©«Õb�¡ÁF�8µ séU¬�ÚK £��õb�¡ð�¢F¿�»��¡»mÃB¿o»mÚK�¡» ô ­�ÚKÁF¿�»��¡» Û �¡ p¢5Âo�¡¬��¡»bÚ�Í¡Ë�¢5ÁF�¡»�»��¡»�´�±�©É�¡ÁFÂ� pÕ�¢á©R séU¬mÚKË�ÁUéU¬mÚK p�±2ïKðb�¡Á5 p¯��=»K¢Ñ­¨Ëb©R½p�¡Â�Ë�»�ÂÉ�= p»û©«�¡¬�Áv¬�¿o¬��=Á0¬b­�ÚKÁF¿�»� s©5éÐ¬��¡Á Y »K¢5�¡ÁFÂ�ÁFË�»bÚ�Õb�¡ �ÚK�=Á@�B�¡½p�=ÌK¢5 p�¡Á5Ë�»�ÂÉÃB¿�»
õb�¡ð�¢5¿o»KµØ·2­�­¨ÁF�=»�´ å Ë�ÁUéU¬E¯�µØ×Ù¿�»KÃB�=ÁU©« £¿o»��=»á­¨Ëb©²ÚK�¡¯ � ­¨Á5Âo�¡¢5Õb�¡ÁF�¡ àéÐ¬áË�»bÚ å ­+½p p¢5Í;µ5Ýb�¡Á«ÎÑÏ­+½p½p�=» Û  pÁÑÚ­¨Ë�ÿo�¡ÁÑÚK�¡¯ �¡ £» Y »K¢5�¡ÁFÂ�ÁFË�»ëÚÜ­+Ëb©�±ê½£�¡ÌO¢FÁF¿�»��¡»��=ÁFÍ¡�¡Ë�Âo¢�´
¾.¯�±2ïOðè�=ÁF p¯ç�¡»K¢�´�ß0§B¦~©«¢5�¡¬��¡»áÂoÁ5Ë�»bÚ�©=Ï­¨¢5Í¡½p àéÐ¬iÍ Û �¡ �ú �¡¢F¬�¿OÚO�¡»NÍ=Ë�Áv�B�¡½p�=ÌK¢5 p¿o»�ÃB¿o»ç±2½p�¡ÌO¢FÁ5¿o»��¡»Ë�»bÚû·,¿B©R p¢5ÁF¿o»��¡»û­¨Ëb©�ÚK�¡»û±2ÁF�¡ £Âo»� à©F©R�¡»�Í¡Ë�ÁvÇ��¡Á«ÎÐÏË�ÂoË�»�Â �

� å �=Áá©«ðb�¡Í¡ föñ©FéU¬��û±2»��¡ÁFÂ� p�¡ÃB�=ÁF½pËë©«¢ÉÃB¿�» � �¡ p½àéÐ¬��¡»�Õb�¡ £¯ å Ë�ÁÑéÐ¬�ÂB­¨»�Â�ÚKË�ÁÑéÐ¬mÚ�­�© Ý Ï­+¬�½pÂí­o©ÚK�=Á � ·¹°²©¦´
� å  £��ÚKË�ÁUéU¬ûî,½pË�ÂoÍ¡�¡ £¢F¯��Ê©F©«Ë�»�Â~�¡ÁF¯� £¢F¢5�¡½p¢5��ú�­o©F©R�~�¡ p»��Ê© � �¡ £½séU¬��¡»b©¦´

å  £��î,½£Ë�ÂoÍ=�¡ p¢ Û Ï­¨»ëÚK��ÚO�+éÐÌB�=»^»KË�Á��¡ £»��¡» ©«�¡¬�Á ÌO½p�¡ £»��¡»D¼4�¡Á5�¡ séU¬DÚK�+©�·2¬b­o©R�¡»�ÁÑ­¨Ë�¯�©û­¨Õ�´ å  p�
�ù­¨¬�ÁÑ©FéU¬��¡ p»�½p séU¬�ÌB�¡ £¢¡ò�Ú�­¨ÿ�Âo½£�¡ séU¬�Í¡�= p¢F £Âi p»�ÚK�=Á �= p»��¡»Xî,½pË�ÂoÍ¡�¡ £¢ Û ­¨»ëÚ �¡ p»X·,¿B©R p¢FÁ5¿o»�Ë�»bÚ� p»�ÚK�=Á­¨»ëÚK�¡ÁF�=»�î,½pË�ÂoÍ¡�¡ £¢ Û ­¨»ëÚN�¡ p» ±ê½£�¡ÌO¢FÁF¿�»��¡ £»��+©4õb�¡ð�¢5¿o»KµØ·2­o­+ÁF�+©�ÚK�¡¢5�¡ÌO¢F p�=ÁF¢ Û  pÁÑÚMòK à©«¢v©R�¡¬�ÁvÂ��¡ÁF £»�Â\´ß0Ëb©�ÚK £�+©«�¡¯ Æ0Á5Ë�»bÚK�iÕb�+©5éÐ¬�Á Ï­¨»�ÌK¢�¯�­¨»X©« àéÐ¬�Í¡Ë�Á~�B�¡½£�¡ÌO¢F p¿�»�ÃB¿o»�±2½p�¡ÌO¢FÁ5¿o»��=»ÜË�»bÚ�·,¿B©R p¢5ÁF¿o»��¡»
­¨ËOÎ²ÚK�¡»û©«ðb�¡Í= ÷öñ©5éÐ¬��=»�±2»��¡ÁFÂ� p�¡ÃB�=ÁF½pËë©«¢4 £»ûÚK�¡» � ·4°²©�´
ÝbË�Á�¼4�+©«¢5 p¯�¯�Ë�»�Â ÚK�+©v©«ðb�¡Í= ÷öñ©5éÐ¬��=»Ü¯ç p¢F¢5½p�¡Á5�¡»ç±ê»��¡ÁFÂ� p�¡ÃB�¡Á5½pËb©R¢F�+© Û Ë�ÁUÚO�¡»�¾.»KÎS¿�ÁF¯�­+¢F p¿�»��¡»û­¨Ëë©­¨½£½p�¡» � ·¹°²© ÃB�=Á Û �=»bÚK�¡¢F´vß0»
ÚK £���¡ £»�Í¡�¡½£»��¡»¥�Bð�Ë�ÁF�¡» Û Ë�ÁUÚK�¡»¥ÎS¿�½pÂo�=»bÚK��â�Ëb­+½p p¢ Ï­¨¢Ñ©«ÌOÁF p¢5�¡ÁF £�¡»Âo�Ê©«¢F�=½p½p¢ �

� ¾.¯�ð�Ë�½s©hÍ Û  s©FéU¬��¡»�¤~Ë�»bÚ�Å�Æ��¡ÇÉÈ+é0ÎÐÏË�Á~�Bð�Ë�ÁF�¡»�òñÚK £�ÉÚOË�ÁUéU¬�ÚK £�~Ç � ·4°�¤ÉÂo�¡¬��¡»�´b¾.¯�ð�Ë�½à©Í Û  à©FéU¬��¡» W Ë�»bÚTÀ ó Æ��¡ÇÉÈÊé0Î ÏË�Á�­¨½£½p��­¨»bÚO�¡ÁF�¡»��Bð�Ë�ÁF�¡»ñ´
� ß0Õë©«¢U­+»bÚ ÚO�¡Á@�Bð�Ë�Á5�¡» ÃB¿�¯ ô ­+Ë�ð�¢FÃB�=ÁF¢F�=ïN £» ÚO�¡Á � ÁU­+Âo�¡¢5�¡Õb�¡»��ßÞ
Äáé;¯  p»�¬�¿�ÁF £Í¡¿o»O¢U­+½p�¡Á³v séU¬K¢5Ë�»�Â�Ë�»bÚàÞ ÀNé8¯\ £»ÜÃB�=ÁF¢F £Ì�­¨½p�=Áv³v séU¬K¢5Ë�»�Â\´
� ú  £»bÚK�+©R¢F�¡»b© W ó °�½pËb©R¢F�¡Á² p»�Ç � ·4°�¤@Ë�»ëÚNÇ � ·4°�À�´�ú  p»bÚK�Ê©«¢F�=»b©h§ ó °�½pËb©R¢F�¡Á² p»çú � ·¹°võË�»ëÚÜú � ·4°²³R´

å  £�@¼4�+©5éÐ¬�Á Ï­¨»�ÌKË�»�ÂÉ p»áÇ � ·4°�¤@­+ËKÎ � �¡ £½séU¬��¡»i¯� £¢2¾.¯�ð�Ë�½s©R�¡»iÍ Û  s©5éÐ¬��¡» ¤�Ë�»bÚ�ÅiÆ��¡ÇÉÈ+é��¡ÁFÂ� pÕ�¢©« àéÐ¬ ­¨Ëë© ÚK�¡Áûß0ÌOÍ¡�¡ð�¢U­¨»�Í�ÚK�Ê© å �¡¢5�¡ÌO¢F¿oÁÑ©�´ � �¡ p½àéÐ¬��=»�¯� £¢��¡ p»��¡¯ ¾.¯�ð�Ë�½s©NÂ�Á+Ï¿B©5©«�¡Á�§DÆ��¡ÇÉÈ+é
ÌæÏ¿o»�»��=»� p»çÚK�¡Á�Ç � ·4°�ÀÉË�»bÚá p»çÚK�¡»�ú � ·4°²©hÂ�Ë�¢vÚO�¡¢F�¡ÌO¢F £�¡ÁF¢ Û �¡ÁÑÚK�¡»�´ å  p�~¼4�+©5éÐ¬�Á+Ï­¨»�ÌKË�»�ÂÉ­+ËKÎ
� �¡ p½àéÐ¬��=»Ü¯ç p¢�¾Ø¯çð�Ë�½s©R�¡»�ÌK½£�¡ p»��¡Á�À ó Æ��¡ÇÉÈÊéÉ�¡ÁFÂ� pÕ�¢~©R séU¬�­+Ëb©~ÚK�¡Á~ß0»ë­¨½pü�©«��ÃB¿o»��B £¯NË�½s­¨¢5 p¿�»��¡»



�&3 ) ö���^%�1ø��!" ¶ � õ ¶ � �ÌË �AÍ Ñ�öñ���� !���
ã ©« £�¡¬��i×~­+ð� p¢5�¡½nÀ1´�ÀBä-´ å ¿oÁ5¢@ÌB¿o»�»O¢F���¡ÁF¯ç p¢F¢5�¡½p¢ Û �¡ÁÑÚK�¡»�òbÚ�­¨ÿ�ÚK�=Á ô ­¨Ë�ð�¢F¢5�¡ p½�ÚK�=Á õb�¡ð�¢F¿o»OµR·2­�­¨Á5�­+Ëb©ÉÚO�¡¯ �ëµØú �+©«¿�»� p¯
¾.¯�ð�Ë�½à©«Õb�¡ÁF�= séU¬ Í Û  à©FéU¬��¡»�¤NË�»bÚ4À ó Æ��¡ÇÉÈ+éi½p £�¡Âo¢F´ å �¡Á�ß0Õë©«¢U­+»bÚ�ÚK�=Á�íð�Ë�ÁF�=»ÜÃB¿�¯ ô ­¨Ë�ð�¢FÃB�¡Á5¢F�¡ïi £»�ÚK�¡Á � ­+ÁFÂ��¡¢F�¡Õb�¡»�� Û Ë�ÁUÚO�@�¡ p»�Âo�+©5éÐ¬�ÁÊÏ­¨»�ÌO¢¡òBË�¯Z»OË�Á � �¡ p½àéÐ¬��¡»�­+Ëb©ÚO�¡¯Þð�ÁF £¯�Ï­¨Á5�¡»û·êÁ5¿OÚKË�ÌO¢F £¿o»b©RÃB�¡ÁF¢5�¡ï�­¨Ëë©«Í¡Ë Û Ï­¨¬�½£�¡»�´ å  p� ú  p»bÚO�+©«¢Ñ­¨»�Í+­+¬�½�ÃB¿o» W ó °�½pËë©«¢F�=ÁF»ÜÎÐÏË�Á�íð�Ë�ÁF�=»  p»ûÇ � ·4°�¤ Ë�»bÚÜÇ � ·4°�ÀNË�»bÚÜ§ ó °�½pËb©R¢F�¡Á5»� p»�ú � ·4°võ�Ë�»bÚ ú � ·4°²³ �=ÁFÂo�=Õè�=» ©R séU¬
­+Ëb©êÎS¿�½pÂ��¡»bÚK�¡¯Z×@¿�¯�ð�ÁF¿�¯� pÿ � ±2 p»��¡ÁÑ©«�¡ £¢U©2 s©R¢¡òoË�¯��¡ p»��v¬� p»�Á5�¡ séU¬��¡»bÚO�vß0Ë�¸ Ï¿B©«Ë�»�ÂiÚK�Ê©ê¯ç p¢F¢5½p�¡Á5�¡»
±2»��=ÁFÂo £�¡ÃB�¡Á5½pËb©R¢F�+©2Í¡Ë��=ÁFÁF�= séU¬��¡»�òo�= p»���¯�Ï¿oÂ�½p àéÐ¬b©R¢�¬�¿o¬���ß0»�Í+­¨¬�½bÃB¿�»Ü�= p»�Í¡�=½p»��¡»áú �Ê©F©«Ë�»�Âo�¡»ûÚK�Ê©
¯ç p¢F¢5½p�¡Á5�¡»á±2»��¡Á5Âo p�=ÃB�¡ÁF½£Ëb©«¢5�+©h�¡ÁRÎS¿oÁÑÚK�¡ÁF½£ séU¬�´Oß0»bÚK�=ÁF�¡ÁÑ©«�¡ £¢U©2 s©R¢�ÚK p�@¯ ­¨ïO p¯�­+½p��ß0»�ÍÊ­¨¬�½ñÃB¿o»�°�½pËb©.µ
¢5�¡ÁF» ÎÐÏË�Á@ÃK £�¡½p�i�Bð�Ë�ÁF�¡»�Õb�¡Â�ÁF�¡»�Í¡¢¡òñÚ�­�©R p�É¯ Ï¿oÂo àéÐ¬��¡Á Û �¡ s©R�@»KË�Á@¢F�¡ £½ Û �¡ s©R�ÉÚO�¡» å �=¢F�¡ÌO¢F¿�Á~ÚKË�ÁÑéÐ¬Kµ
ëBË��¡Á5�¡» ß ú ¿Oé¡¦iá�âX´
¾.¯ î�¿�½pÂo�=»bÚK�¡» Û  pÁUÚ�­+ËKÎ�ÚK £�ÜÇ��¡Á5¢F�¡ £½pË�»�Â�ÚK�+©á©«ðb�¡Í= ÷öñ©5éÐ¬��=»�±2»��=ÁFÂo £�¡ÃB�¡Á5½pËb©R¢F�+©~ÃB¿o»�ðb¿B©« £¢F £ÃB�¡»
� �¡ £½séU¬��¡»� p»�Ç � ·4°�¤oò�Ç � ·0À�Ë�»bÚùú � ·¹° �¡ p»�Âo�¡Âí­¨»�Â��¡»�´ ô  p�¡ÁRÎ8ÏË�Á Û Ë�ÁÑÚK�¡» ÀK¤ ó�óoó ±2ÁF�= pÂo»� s©F©R�­+Ëb©«Â�� Û �=ÁF¢F�=¢�´iß0ËOÎ�ÚO p�¥�Bð�Ë�ÁF�¡» Û Ë�ÁÑÚK�¡»ZÚK £�^¿oÕ� £Âo�¡»Þâ�Ëb­¨½£ p¢ Ï­¨¢U©RÌKÁ5 p¢5�¡ÁF £�¡»�­¨»�Â�� Û ­+»bÚK¢�´ å  £�Ç��¡Á5¢F�¡ £½pË�»�Âo�¡» ÚK�+©û©«ðb�¡Í¡ föñ©FéU¬��¡» ±2»��¡ÁFÂ� p�¡ÃB�=ÁF½pËë©«¢F�Ê© Û Ë�ÁUÚK�¡»  p¯ ÚK¿�ÁF¢�­¨ËOÎSÂo�;ÎÐÏË�¬�ÁF¢F�=»
¾.¯�ð�Ë�½à©ØµÕb�¡Á5�¡ séU¬� p»�¾.¯�ð�Ë�½s©« £»K¢5�¡ÁFÃÊ­¨½p½£�¡»áÃB¿o»�¤iÆ0�=ÇÉÈ+é�­¨ËKÎSÂ��¡¢FÁÑ­¨Âo�=»�´�±2 p»�ß0Ëë©«Í¡Ë�ÂiÎÐÏË�Á�ýF�ÊÚK�¡» å �¡¢5�¡ÌK¢5¿oÁ=ò
ýF� Û �¡ £½s©  £»��¡ p»��=¯�¾Ø¯çð�Ë�½s©R p»O¢F�¡Á5Ã�­¨½p½þòM p»ìÚK�¡¯ ÚK £��ß0Ë�¸,Ï¿B©«Ë�»�Â�ÚO�+© ¯ç p¢F¢5½p�¡Á5�¡»�©«ðb�¡Í= ÷öñ©5éÐ¬��=»�±2»Kµ�=ÁFÂo £�¡ÃB�¡Á5½pËb©R¢F�+©2ÚO�¡Á��¡ p»�Í=�¡½p»��=» � �¡ £½séU¬��¡»b©Rðb�¡Í¡ p�Ê©,­+Ëb©«Á5�¡ séU¬��¡»bÚiÍ¡Ë�Á²©R¢U­¨¢5 s©R¢F s©5éÐ¬��¡»�±2»O¢«Îþ­+½p¢FË�»�ÂiÚK�=Á
�íðè�=ÌK¢5ÁF�¡»XÚK�+©0¯� £¢F¢5½p�¡Á5�¡»�±2»��=ÁFÂo £�¡ÃB�¡Á5½pËb©R¢F�+©4 à©«¢¡ò Û  £ÁUÚ�¬� p�¡Á�ÚK à©«ÌOË�¢F £�¡ÁF¢F´b¾Ø¯ªß0»�¬b­+»�Â�ß Û �¡ÁUÚO�¡»
Û �¡ p¢5�¡ÁF�Ù±ê»��¡ÁFÂ� p�¡ÃB�¡Á5½pËb©R¢U©Rðè�=ÌK¢5ÁF�¡»áÂo�¡Í=�¡ pÂ�¢�´

〈 - dE/dx 〉  [ ADC-Kanäle ]
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〈 - dE/dx 〉  [ ADC-Kanäle ]
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)�¹�� ö���^3��ø��!" ¶ �P½��1 EÏTô�� ��� ��+

©«ðb�¡ÌO¢FÁ5Ë�¯ZÃB¿o»�ðb¿B©R p¢5 pÃB�¡» � �= p½séU¬��¡»æòBÚK p��¯� £¢h�= p»��¡¯�¾.¯�ð�Ë�½à©êÍ Û  s©FéU¬��¡» � Æ��¡Ç�È+é0Ë�»ëÚÜáiÆ��¡ÇÉÈ+éÚK £�Éú � ·4°®ÚKË�ÁÑéÐ¬�ëBË��¡Á5¢4¬b­+Õb�¡»�´
Y ¯�Ú�­o©4�Bðb�¡ÌO¢FÁ5Ë�¯�ÚK�Ê©,¯� p¢5¢F½£�¡ÁF�¡»Ù±ê»��¡ÁFÂ� p�¡ÃB�¡Á5½pËb©R¢F�+©�ÚK�¡Á � �¡ £½séU¬��¡»b©Rðb�¡ÌK¢5ÁF�¡»~Í¡ËáÚO�¡Ë�¢F�=»�òo�¡Á Û  p�+©©« àéÐ¬çÚK £�0ðb­+ÁU­+½p½p�=½p��¼4�¡¢5ÁU­oéU¬O¢FË�»�Â�ÚK�=Áh½£ p»��Ê­¨ÁF�=»NË�»ëÚN½p¿�ÂB­¨Á5 p¢5¬�¯� s©5éÐ¬��¡» å ­¨ÁÑ©«¢5�¡½p½£Ë�»�Â�­¨½à©4©« £»�»OÃB¿o½p½X´
å  £�É½p £»��+­+ÁF� å ­¨ÁÑ©«¢5�¡½p½£Ë�»�ÂáÍ¡�¡ pÂ�¢vÕb�+©F©R�¡Á~ÚK £�Éî�¿�ÁF¯ ÚK�¡Á�Ç��¡ÁF¢5�¡ p½£Ë�»�ÂiË�»bÚûÚK p�áÆ�Á+Ï¿oÿ��áÚK�¡Á�ß0¯�ð�½£ ÷µ
¢FËëÚK�¡»�ò Û Ï­¨¬�Á5�¡»bÚNÍ¡Ë�Á å ­+ÁU©«¢5�¡½p½£Ë�»�Â ÚK�¡Á ÏY Õè�=ÁFÂ Ï­+»�Âo�~Í Û  à©FéU¬��¡»çÚK�¡» �íðè�=Í¡ p�+©2Ë�»ëÚÜÚO�¡Ávß0Ëë©«½ Ï­+ËKÎS�¡ÁÚK�¡ÁvÇ��¡Á5¢F�¡ £½pË�»�ÂiÚK £�@½p¿�ÂB­¨Á5 p¢5¬�¯� s©5éÐ¬�� å ­+ÁU©R¢F�¡½£½pË�»�ÂáÕb�+©F©R�¡ÁvÂo�=�¡ pÂ�»��¡¢v s©R¢�´
å ­�© �Bðb�¡ÌO¢FÁ5Ë�¯ ¯�­oéU¬O¢ÉÚO�¡Ë�¢F½£ séU¬�ò2Ú�­¨ÿùÚK p���¡ £»bÚK�¡Ë�¢5 pÂ���¾RÚK�¡»O¢F ÷öëÌo­+¢F £¿o»��¡ p»��+© � �= p½séU¬��¡»ë© »� àéÐ¬O¢
¯�Ï¿�Âo½p àéÐ¬� à©«¢�´ å  p�ûÂo�¡Á5 p»�Â�� å  Í©ñ�¡Á5�¡»�Í�ÚO�¡Á�¯� £¢F¢F½£�¡ÁF�=»�©Rðb�¡Í¡ ÷öè©FéU¬��¡»^±2»��=ÁFÂo £�¡ÃB�¡Á5½pËb©R¢F�ûÚK�¡Á�ÃB�=Á«µ
©FéU¬� £�+ÚK�¡»��=» � �¡ p½àéÐ¬��¡»b©«¿�ÁF¢5�¡»\¬ë­¨¢��= p»��¥Â�ÁF¿�ÿo� ÏY Õb�¡ÁF½à­¨ð�ð�Ë�»�Â�ÚO�¡Á^¼4�¡Á5�¡ séU¬��DÚK�=Á��¡ £»�Í¡�¡½£»��¡»
� �¡ p½àéÐ¬��=»b©«¿�ÁF¢F�=»� p¯ZýF� Û �¡ p½£ pÂo�=»�¾Ø¯çð�Ë�½s©R p»O¢F�¡Á5Ã�­¨½p½�Í=Ë�Áiî�¿o½£Âo�i´ å  £��©R¢U­+¢F s©R¢F à©FéU¬���±2»O¢«Îþ­+½p¢FË�»�Â�ÚK�=Á�Bðb�¡ÌO¢FÁ5�¡»� s©R¢²ýF�+ÚK¿OéU¬�ÚKË�ÁÑéÐ¬KÎÐÏË�¬�ÁFÕb­+Á�´ å ­¨¯� £¢@ s©R¢É�+©~¯�Ï¿oÂ�½p àéÐ¬�òñÚK�¡»ìß0»K¢5�¡ p½êÚK�¡ÁÉÃB�=ÁU©FéU¬� £�+ÚK�¡»��=»
� �¡ p½àéÐ¬��=»b©«¿�ÁF¢F�=»�­¨»®ÚK�¡Á�Æ��+©F­+¯N¢5Í+­¨¬�½vÚK�¡ÁáÂo�=¯��+©F©R�¡»��¡» � �¡ p½àéÐ¬��=»� p»mÚK�¡»mÃB�¡ÁU©5éÐ¬� p�+ÚK�=»��¡»ù¾Ø¯áµ
ð�Ë�½à©« £»K¢5�¡ÁFÃ�­¨½£½p�¡»ç­¨»�Í¡Ë�Âo�=Õè�=»�´
ú�­¨»m»� p¯ç¯i¢ÙÎÐÏË�Á�ýF�+ÚK��Õb�¡¢F�¡ £½p £Âo¢F� � �¡ £½séU¬��¡»b©Rðb�¡Í¡ p�Ê© ­+»�ò�Ú�­+ÿ� p¬�Á5��±2 p»O¢FÁÊÏ­¨Âo�û p¯�Õb�¡¢FÁÑ­oéU¬K¢5�¡¢F�¡»
�Bðb�¡ÌO¢FÁ5Ë�¯\Âí­¨Ëb©5©ØÎÑÏ¿�ÁF¯� £ÂiÃB�¡ÁF¢5�¡ p½£¢4©R p»bÚí´ å ­+»�» ÃB�¡ÁÑ©«ËbéU¬O¢h¯ ­¨»�ÚK £�~î�¿oÁ5¯ ÚK�Ê©0�Bðb�¡ÌK¢5ÁFË�¯ ©4ÚKË�ÁÑéÐ¬
ÚK £� ÏY Õè�=ÁF½s­+Âo�¡Á5Ë�»�Â��¡»O¢U©Rð�ÁF�ÊéÐ¬��=»bÚ�ÃO p�¡½£�¡ÁNÆ�­¨Ëë©F©ØµþÇ��¡ÁF¢5�¡ p½£Ë�»�Â��¡»�Í¡Ë�Õè�Ê©FéU¬�ÁF�¡ £Õb�¡»�´2±�©i¬b­¨¢ç©« àéÐ¬
ýF�+ÚK¿OéU¬�­¨½à©0Ë�»�¯ Ï¿oÂo½£ séU¬��¡Á Û  p�+©R�¡»�òbÃK £�¡Á Æ�­+Ëb©F©.µR×@Ë�Á5ÃB�¡»�¯� p¢v £»b©«Â��+©F­+¯N¢~¤FÀNÎSÁF�¡ £�¡»�·2­+ÁU­+¯��¡¢F�=ÁF»ð�¬Oü�©R pÌ�­¨½£ s©5éÐ¬�©R p»�»OÃB¿o½£½�­¨»XÚK p�i�Bðb�¡ÌO¢FÁ5�¡»û­¨»�Í¡Ë�ðb­o©5©«�¡»�´ Y ¯ÞÚK £�Éß�»�Í+­¨¬�½�ÚK�¡Á�îëÁ5�¡ p¬��¡ p¢Ñ©«ÂoÁÑ­oÚK��Í¡Ë
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 VT1, positive Teilchen p=2 bis 3 GeV/c
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 VT2, positive Teilchen p=6 bis 7 GeV/c
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 VT2, negative Teilchen p=6 bis 7 GeV/c
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 MTP, positive Teilchen p=6 bis 7 GeV/c

〈
�
 - dE/dx 〉

�
  [ ADC-Kanäle ]

200
�

300
�

400
�

500
�

600
�

700
�

800
�

900
 

T
ei

lc
he

n

0
�

1000

2000
�
3000
�
4000

5000
�
6000
�
7000

8000
�

p
–
 + K− π¡ − e¢ −

〈
�
 - dE/dx 〉

�
 MTP, negative Teilchen p=6 bis 7 GeV/c
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〈 - dE/dx 〉 global, positive Teilchen p=6 bis 7 GeV/c

〈 - dE/dx 〉  [ ADC-Kanäle ]
100 200 300

W
400 500

X
600
Y

700 800
Z

900
[

Te
ilc

he
n

1

10

10
2

10
3

10
4

p + K+ π_ + e` +

〈
a
 - dE/dx 〉

b
 global, positive Teilchen p=6 bis 7 GeV/c

c����EdfeHg0h<iEjlk�mNn�o p�q=r�s�q=tQuQv�w�x y�q=z x4uQ{�
�»|uQq=w w�{}r�~JtQq=r�s�q=w ~ltQs�s�uQq=r�q=w �Ew�q�r�x4tQq=�}q=r�uQv�z�s�q=z
|å}�~��h��~��T�H�&�������8�8�������J�,�&�����4{}w���{4z�tQs�t	�}q=wM¨Eq=tQuP©°ª�q=w�~JtQs�q�t	w�q=~ ¬H~J��v�uQz7®@¯�tQzr©°ª�q=w��
²�q=p
��©�v�w�y���²�q=p
��©h·
¸&tQw�¹)zcº�¸�tQw�qc»|r�q7¼O»�r�z�s�q=uQuQv�w�x�·�½�q@©°ª)s�z:º6¸�{4x�»|r�tQs�ª�~JtQzr©°ª�q/¼T»�r�z�s�q=uQuQv�w�x;·

æTà�ß28K×�â
ß�à1ß�8cçP6�è@á:ß�è,ß�8KÌ�â�ß�ç
á�á õ ß�â�ìHÑ�ì�ß�àMÞ°élÎH6�çEè@ß�à�â
é õ ß�8cß�â$*�ì5àeÑ�à&ñ�ñW+'ß�-/.3*%â`è4áTß�â�à�ß 4 8cß�à�àU6�à7×
<>ß�8�æTç�ß2Ó�áC8KÑ�à�ß�àlàeÑ�à²<�ß�à:ÔTâPÑ;à�ß�àîèK*�ìUé�â�ß�8câP×7ØÞ<�åW<�â�ßõ-Ïß28:á:ß�â�çP6�à7×�ß�à&<>ß�8·ÔTâPÑ;à�ß�à:6�à)<i<�ß�8�æTç
ß�ÓBê
áC8KÑ;à�ß�à Ö6HÏëß28:çEå3Î7Î�ß�àJá
Ë ß�Ï�ß�à <>ß�8�ÐQß�ácì7ÑU<�ß <�ß�8 õ ß�8:ß3*�ì�àU6�à7×2ß�â�à�ß�èF×;çPÑTÏ*å)ç�ß�àiéBâ
á:ácç�ß�8cß�à æTà�ß�8C×�â
ß�à1ß�8:çm6�è4ácß�èF<�ß28
4,ß�â
ç$*�ì�ß�àlé·678è<�ß�à�<�â
ß�àHÑT8:éÍå)ç�â`è4â
ß�8:ácß�àJØ1éBâ�ácá:ç
ß�8:ß�àMæTà�ß28K×�â
ß�à1ß�8cçP6�è@á:ßõ<�ß�8�4,ß�â�çQ*
ì�ß�àbåI6�è·-54·Ô�ï@ñ
Ö6HÏëß28l<�â
ßbéBâ�ácá:ç�ß28:ß�àDæTà�ß�8C×�â
ß�à1ß�8:çm6�è4ácßl<>ß�8&4 ß�â�ç$*�ì�ß�àÁåI6�è&Ð>4·Ô�ïøåI6GÜå×;ß�áK8påI×;ß�à2ü«è4â�ß�ì�ß:çMÏ7Ï�â�çnê
<U6�à7×~ü�ýHáPð2ñnÿ:ÿèá
ÙSâ
ß�è�â`è4á�àG6785Ü Ö678W4,ß�â
ç$*�ì�ß�à é ÖÑ�×�ç�âQ*
ìÿØg<�â
ß:<G678è*
ìDÏ�ß�â$<>ß:ÙSß�ácß�Ó�áCÑT8cß�à�×;ß�×1å�à7×�ß�à
è@â�à)<Ûá
ÐQâ�ác<�ß28WÍFß�à�à>á:à�â`è5<�ß�8WÔ�Ñ1è4â
á:âmÑ�à�ß�àÝ<�ß�8WÐQâ
á:ácß�çPé�ß�8:ácß&<�ß�85-7ß�8:ácß�â�çm6�à7×�ß�àF<�ß28�ß�â�à7Ì�ß�ç�à�ß�à
4,ß�â
ç$*�ì�ß�à�è!Îëß2Ì�â�ß�èTç
â�ß�ëMè@â$*�ìQè!Ñðß�â�à õ ß�8:ß�â$*�ìl<�ßhã�à�â�ß28:ß�àJØ>â�à�<�ß�é÷éBâ�á7ì7Ñ;ì�ß�8�AÒå�ì78�èC*
ì�ß�â�à�ç
â$*�ì7Ó1ß�â�á
æTç
ß�Ó�áC8KÑ;à�ß�à&<G678è*
ì�â
ì78:ß�à�éBâ
á:á:ç
ß�8:ß�à"æTà�ß�8K×;â�ß�à1ß28:çP6*è4á/â�àW-54·Ô�ï@ñM6�à=<oÐ>4·Ô�ïDâ$<�ß�à�ácâäã)Ì�â
ß�8:áJé�ß�8Oê
<>ß�à:Ó ÖÑ;à�à�ß�àJá
Ù'ß�8·-hÑT8:ácß�â�çÛ<�â
ß�è4ß28·ÐQß�ácì7ÑU<�ß"âEè@á�Ø7<�åIë&ÙMÑ�Î7Î�ß�çEè!Î7678:ß�àJØ)<�â�ß[å)çEè%ß�â�à7Ì�ß�ç�à�ß5ÒeÎ7678cß�àbâ�àBß�â�à�ß�é Ù'ßÂê
ácß�Ó>áKÑT8�×�ß�Üå6�à)<�ß�à�é%ß�8è<�ß�àJØ>ç�ß�âQ*
ì>á%ß�ç�â�é3â�à�â
ßÂ8cá�é�ß�8�<>ß�à:ÓJÖÑ;à�à�ß�àJáÛÙSâ
ß�è4ßcÙMÑ�Î7Î�ß�çEè!Î7678:ß�àQß�8CÌ�ß�67×;ß�à
<>â�ß õ Öå)à)<>ß�8�â
é õ ß�8cß�â$*�ìD6�é ý1ñ;ñ0ê«ýeñ;ñ � ç�ï@Ù·ê!Í"å)à Öå)ç�ß�� áTÞ°àL<�â
ß�è4ß�é õ ß�8cß�â$*�ì ç�â
ß�×�á&<�ß28�éBâ
áOê
ácç�ß�8cßBæTà�ß28K×�â
ß�à1ß�8cçP6�è@á/<>ß�8cÔeâmÑ�à�ß�àJá
ÙSâ
ßbæTâ�à>áK8 ÖåI×�ß3â�é]8:ß0*
ì>á:ß�à>Ñ�Ï�ß�8:ß�à õ ß�8cß�â$*�ì�Ï�ß�â *�åGá���ñ;ñ �
çSï@Ù;ê�Í"å)à Öå�ç�ß��ÿ<�ß�6�ácß�àîåI6GÜ�ÙMÑTÎ7Î�ß�ç`èOÎ76H8:ß�àîâ�à:Ï�ß�â$<�ß�à:ÙSß�ácß�Ó�áCÑT8cß�àbì�â�àJá




*�$¹ ºÍ¿�+)».��¿�
�¼,
�-r¿�½3¾.
0/.-��.
�/1��-$#
¿&-�
�V)Å./JÀ 
��

p [ GeV/c ]
0
�

2
 

4
¡

6
¢

8
£

10 12 14 16 18 20
 | 〈

 -
 d

E
/d

x 
〉 M

T
P

 -
 〈 

- 
dE

/d
x 

〉 G
lo

ba
l |

 / 
〈 -

 d
E

/d
x 

〉 M
T

P

0
�

0.02
�
0.04
�
0.06
�
0.08
�

0.1
�

0.12
�
0.14
�

p + K+

π¤ +

e¥ +

untere Schranke

c����Ed¦e§g0hEi�j9k0mNn¨n ©>t«ª¬q�r�q=w�­1­=®�tQz�¯8°�q=wM|å}�~��h��~��T�e�9±.²�³�v�w�y·|å}�~��h��~��T�&´�uQ{�
¨µ�u|w�{4r�~JtQq=r�s�µ|v��e|å}�~��h�Â~2�T�
�9±.²1³�¶�� �v�r�y�q=w/�9tQs�s�q�u	®�q=r�s.�4{}w�²Er�{}s�{4w�q=w¸·�¸�µ|{4w�q=wU�¨²¹t	{}w�q=w9v�w�y��EuQq=º)s�r�{}w�q=w�v�w�yy�q�r�v�w)s�q=r�q=w:	)¯8°�r�µ�w�º4qly�q=z��Uq�r�q=tQ¯8°�q=z»tQ~ 	¼�¨q=º)s�r�v�~½y�q=z¾~ltQs�s�uQq=r�q=w��Ew�q�r�x4tQq=�}q=r�uQv�z�s�q=zK�y¨µ�z�­=v�r.�EuQq=º)s�r�{4w�q=w�z�q�u	q�ºAs�tQ{4w��}q=r�®�q=w�y�q�s.®�tQr�y�¶

〈
¿
 - dE/dx 〉

À
 MTP [ ADC-Kanäle ]

0
Á

200
Â

400
Ã

600
Ä

800
Å

1000 1200

〈 -
 d

E
/d

x 
〉 V

T
2 

[ A
D

C
-K

an
äl

e 
]

0
Á

200

400
Ã
600
Ä
800
Å

1000

1200

p K+ πÆ + eÇ +

p
K

+
π+

e+

c����Ed¦e§g0hEi�j9k0mNn¼È |�} ~��h�Â~����HÉ �&����Ê}�������9�,�&��� �v3
�q=rJ| }�~��h��~��T�U�9±.²1³�µ|v0�fx4q=s�r�µ�x4q=w�Ë��¨{}z�tQs�tQ�4q�±Eq=tQuQ¯�°�q=w~lt	s>q=tQw�q=~½ÌH~l��v�uQz�­=®�tQz�¯8°�q=wÍ��´Iq=p���¯Jv�w�y���´�q=p
�|¯4¶E©>q=r��Uq=r�q=tQ¯8°�tQwÎy�q�~Ïz�tQ¯�°Ðy�tQq�¨µ�r�µ�u	uQq=uE­=v�q=tQw¨µ|w�y�q=r¾uQtQq=x}q=w�y�q=w�´Iq=r�µ�y�q=wÎº)r�q=v�­=q=w�º}q=w�w�­�q=tQ¯�°�w�q=s,y�q=wW��q=r�q=tQ¯8°U�EtQw�y�q=~y�tQq��EuQq=º)s�r�{}w�q=w�tQy�q�wAs�t¶³¨­=tQq=r�s>®Uq�r�y�q=w9º �{4w�w�q=w�¶



¹<Ñ 
 ��
�Ò�
�����-�+�/ÔÓU+�/ ß0� ß3��Õ ��Ö>×.V�
0/

ØÚÙ|Û Ö Õ,ÜWÊ�Î�ÌOÊ�Õ�ÌTÊ Ý Ú�ÓðØ�Î�Ì9ÞÓ�ÌÏÝOÑQÕ_Î�ÌTÊ"Õ�Î�Ê�Ë

Ù'â�ßõçM6�èOé�ß�8:áC6�à7×5<>ß�8·ÒeÎ�ß�Ó�áC8:ß�àMå36�è%å�ç�ç
ß�à&ÙSß�ácß�Ó�áCÑT8cß�àW6�à>á:ß�8 õ ß28 Ö6)*�Ó�è@â$*�ì�ácâP×�6�à7×õ<�ß�8Tâ
é Í"åIÎ�âxê
ácß�ç,ý7á�ï�ß�8KécÖå�ì�à>á:ß�à>E�6�å)ç
â�á0Öå)á�è!ÓG8câ�ácß�8:â
ß�àBß�8C×1åIÏÿØ)<�åIë&Ï�ß�âJÓ�ç
ß�â�à�ß�àBÞ°élÎH6�çEè@ß�àoÌ2é�âEèK*�ì�ß�àÍï²+'ß�-/.0*
6�à)<Í�o+Sß2-/.3*Sâ
à:<�ß�à�Ð>4·Ô�ï�è·<�å;è�-Ïß28:ì Öå�ç�á:à�âEè�<>ß�8·ÔÕÑ6è4â
áK8KÑ;à�ß�à:Ì�6:ÔTâmÑ�à�ß�à:à>â�ß�ç)×�8 ÖÑTë;ß�8�âEè@á�å�çEè
â
àF-54·Ô�ï�ðTáOÞ°àk<�ß�àVÐ>4·Ô�ï�è/Ïëß�áK8 Öå3×�á&<�å;èâ-7ß�8cì Öå)ç
á:à�â`è[ß�áOé\åQñUØQ��ØJé Öå�ì78:ß�à=<Áâ
à�-�4·Ô ï�ð:<�å�è
-7ß�8cì�Öå)ç
á:à�â`è%ß�á!é�å�ñGØPð5Ï�ß�áK80ÖåI×;á�ü«è4â�ß�ì�ß"ì�â�ß�8CÌ�6:çMÏHÏ�â�çQ<G6�à7×bürý7áPð�ïnÿcÿ�á
æ7è�é�âm8�<:<�å�àeÑ�àbå36�èO×;ß�×1å�à7×�ß�àJØg<�åIë&ÔÕÑ6è4â�áC8KÑ;à�ß�à:Ï7Ì�é5á�æeç
ß�Ó>áK8KÑ;à�ß�àBì�â�à>á:ß�8 <�ß�àl-54·Ô�ï�è%ß�à>á�è@á:ßÂê
ì�ß�àJá õ ß�âõ<�ß�8iÍSÑ�ç
ç�âEè@âPÑ;à�àeÑ�à õ ç�ß�ânê õ ç�ß�â@ÍFß�8:à�ß�à ß�à>á�è4ácß�ì�ß�àúß�á!é�åÒí;ñ�ñàß�á:4,ß�â�çQ*
ì�ß�àJáhÙSâ
ßÚß�á
4,ß�â
ç$*�ì�ß�àlÌ�ß28OÜ«å)ç
ç�ß�àiÌ�6bß�á!é�åW��íUØn9��iâ
à:î=ê�4,ß�â�çQ*
ì�ß�àJáU4 8câãâÂáSß�â�à:î7ê!4,ß�â�çQ*
ì�ß�àðß�â�à�ß�à�ÍFß�8på)éBâmÓ�è@á�åIÏ
å�é ?Så�à)<�ßõ<�ß�8h-54·Ô�ï@ñ�ü°è@â�ß�ì�ß�ç�Ï7Ï�â�çQ<G6�à7×qü°ïGá ý�ÿcÿ�Ø>èOÑ5Ó;å)à�àMß�èTâ�à�ß�â�à&ÔÕÑ6è4â�áC8KÑ;àGê@æTç
ß�Ó�áC8KÑ;àGê!ÔOå�åI8
ÓeÑ;àGà1ß28:á:â
ß�8:ß�àJá
Ù'â�ß�è@ßlÍSÑ�àUà1ß�8pè4âPÑ;à�ß�à£èOÑ�8K×�ß�à�Ü Ö678�ß�â�à�ß�àDß�8cì�ß�Ï�ç
â$*�ì�ß�à ä à�ácß�8K×�8K6�à)<Då)àÝÔÕÑ1è@â�áK8CÑ�à�ß�àF6�à)<ÒæTç
ß�ÓBê
áC8KÑ;à�ß�àJá�ÙSß�è4ì*å)çPÏVé·678�<�ß�<�å;è/ÍS8:â
á:ß�8câP6�é ß�â�à7×;ßÂÜ Ö6�ì78cá�Ø�<�åIë àU678c<�â
ß�ÒeÎ7678cß�àÒâ
àk<�ß�àVÐ>4·Ô�ï�èÂØ
<>â�ßSé�ß�à�âP×6è4ácß�à�è�ï�é3ß�ëTÏ�å38:ß5Ô
6�àHÓ�ácßFâ�àl-�4·Ô ï@ñ�å36GÜåé%ß�âEè4ß�àJØ�å36�èOÌ�6Ué Öå)ì�ç�ß�àîè4â
à)<gáHçSç�ç
ßFå�à)<�ß�8cß�à
ÒÞÎ7678:ß�àoé�ß�8�<�ß�àWà1ß�8Ké@ÑT8OÜrß�àJá1Þ°à&çMÏ7Ï�â
ç$<G6�à7×�ü�ýHáPðhý�ÿTâ`è4áh<�å�è;ÒÞÎëß2Ó�áC8K6�é <�ß�èTéBâ�ácá:ç
ß�8:ß�à�æTà�ß�8C×�â
ß�àBê
ß28:çP6*è4á:ß�è²àeÑ�8l6�à)< à�å�*
ì çSàUé%ß�à)<U6�à7×L<�â�ß�è4ß�èlÍS8câ�á:ß28:âP6�ébèW<�åI8C×�ß�è@á:ß�ç
ç�á2á·ÙFå�è:-7ß�8:ì Öå�ç�ácà�âEèoàeÑ;à
Ô�Ñ1è4â
áK8CÑ�à�ß�à�Ì26�ÔTâPÑ;à�ß�à1×;ç�ß�âQ*
ì>á�è@â$*�ì~éBâ�á�ä ñGØ�ñT�D<�ß�é -7ß�8:ì�Öå�ç�ácà�âEè�â
à1-54·Ô�ï�ð å�à2ü�é�ß�â�ácß�8:ß
Þ°élÎH6�çEè!Ïëß28:ß�âQ*
ì�ß'è@â�à)<Bâ
é çSà�ì�å�à7×3åI6GÜå×;ßÂÜ Ö6�ì78cá^ÿ�á

〈 - dE/dx 〉  [ ADC-Kanäle ]
50
X

100 150 200
]

250
]

300
W

350
W

400
å

450
å

500
X

Te
ilc

he
n

0
\

1000

2000

3000
W
4000
å
5000
X
6000
Y

p + K+ π_ + e` +

〈
a
 - dE/dx 〉

b
 VT1, positive Teilchen p=3 bis 4 GeV/c
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 MTP, positive Teilchen p=3 bis 4 GeV/c
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 VT1, positive Teilchen p=1 bis 2 GeV/c
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· � � à�Í �� �2��ÑDÌÓÒ+Ô�¸ � Ñgà0�2��Ì>��� � ��Ö�àQ� � Ô�Ñ>��� � ¬ � �2�GÌÓ� � Í����£ß���Ô � ²�¢»à�Ì�Í¶Ì · �{Ð>��ÌDÑÓÒ+Ô����¹à��"Ñ���¨GÍ�ÌD� � Í��¦� � ©
����� � Ñgà@����� � Í�Ì · ��ª\ñ �\� ÖDß ��ÌD��à��2��Ì2ÌÓ���"��Í¶ÌPà�Ò+Ô���� ¯ ��ÑD��¨�Í¶ÌF¢���àa¨ � ÌDÍ�� � Ì���� � ÖA �Í � Ì�Í¶Í�¸!ÌPà_Í���ÌPà_Ô�� � ��Ì¨ÒKÔGÍ
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�%Ì � �T��ÌD�#��� ��� Ô�Ñ���� � ÕµÌD��Í � �� �Y��¸���Ì��&� � àS�Y��à � ß�Í��&���GÍ�� � � � Ö��2�Dàa²2��¨GÍ � ÖDß � Ö�àQß � Ò+Ô����Ó¸�Ô��¢YÔ�� �
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��� � Õ@Ì��GÍ � �� �Y�lÌ����G��� º � � Í���ÌDÑ�Ö��D�����:��Ñ���Ì¨ÒKÔ�� � ×2��²�Í]¢Y���"� ��í î í î Ö��2�
� í ï í ï à_Í �\� ¨ · ¢�����ÌD� � �2�G� �&� ������Ì¨ÒKÔ��"��¸¿�%Ì � �³�G� � ����Í¶� � � � Ö���� � ÖA y� � Ö��2�®����à��Y��¢=ß���Í � ÌPà¶ÒKÔ��"�
ÁTÌ�Í¶Í���Ñgà���� � �¡�"ÌÓ����� º � � Í���ÌDÑ�Ö��D�����¹�¡�±à�Í�ÌRßYß�Í�ª
�n� ������Ì�Ñ¨��Ö��D� ¼n��ªxÚ À à�ÌD�2� ÑDÌ��D¨�à���Ì�� º � � Í¶��Ì�ÑDÖ��D�����}��í�îYínî.Ö��2�[��ínï�í_ï àa¢��%Ì�� � � à³� �\�+� Ö�à
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����ß ��ÌD��Ì�� ·��\� Ì � �GÍ��
Á � à]à��£�2��à�Í¶ÌFßYß�ÍS�%Ö � ����¸�ß���Ô � ÕµÌD��Í � �� �Y� � ÖA  � Ñgà���Ì�� º � � Í��"Ì�Ñ�Ö��D�D¸���ÌD�T� � à ¯ ÌR�Y� � Ñ%����Í¶Ô �� ÑDÍ�ª
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��� � ��ÌR�YÍ%¸>� �2¤ ��ÌD�������GÍ�� � � � Ö��2� · � � Í���ÌDÑ�Ö����D¸2��ÌD���GÖ �&� Ö�à{Õ@Ñ���¨GÍ � ¢Y�A©êÕ@Ñ���¨GÍ � ¢Y�A©­« ���\� �"��������Ì�Ñ¨����Í
�%Ì � ����í ï í ï á Þ ù�¼ò��í ï í ï ù���í ï í ï À ãòþ Û ��� � ³ � �¢ ¤ �"�D¢ � ����Ö��D����� �Sº � � Í¶��Ì�ÑDÖ��D�D¸���ÌD��� � à ¯ ÌR�Y� � Ñ�"��Í¶Ô �� ÑDÍ�¸2Ì��T�"Ía� � �"��Í°àa² � ÌÓÒ+Ô�Í¶¼8���D��Ì�ÑÓ�GÖ��D�U¼n�Aª�Ú À%� ��Ò+Ô�Í°à À ª���Ì���à_��Ð � Í?à � Ò+Ô��-�%Ö � ��� � Ö�àa������Ö�Í � Í%¸
Ö�ß ����� ¯ ¨ � ÑDÌ�� � Ö��D�»à­  � ¨GÍT¢ � ì¥¼ á û ¸ Ø�á À�� � � Ö�Ñ���ÌDÍ�����ª»��Ì��I�2��à_Í��¶þ���à�Ò+Ô � �"ÌF��Ö����Q���±à ����Í¶� � � � Ö��A©�G��à �%Ì � �l� � ß�ÌDÍ���Ö � ÒKÔl��ÌD� º � � Í���ÌDÑ�Ö�������B9CEDEFHGJI�K�L á ìØùwÞ�ù ¼n��í�îYíòî2��ínïYí_ï À ãòþ Û � �D�Y�%�Y���2����ª��n�
�w�D��Ì�Ñ¨��Ö��D�U¼n��ª Ö À à_Ì��2����ÌD� · � � à�Ò+Ô�ÌD���������"�����GÍ�� � � � �Ö��2���{��Ì�� � �2��� � �Y������� �ÖD�2� � �Y��à_Í���ÑDÑ�Í�ª���Ö � Ò+Ô
¯ ÖD��Í �¯� ¨GÍ�ÌR¢Y�®���±à ����Í¶� � � � Ö��2�G��à{� B9CEDEFHGJI�K�L · ¢=ßÁ�n� ·���� Ì � ��Í¶��©­Á � àTà_��© ¯ ²2��¨�Í � ÖDß¾��í�î$ínï�� � Ô �� ÑDÍ
ß � �Uà�Ò+Ô�Ñ�ÌD� ¤ ÑDÌÓÒ+Ô���Ì���� ¯ ÌF�Y� � Ñ · � � Í��"Ì�Ñ�Ö��D�D¸G��ÌD�S¨!��Ì����Q����� � Í�Ì · ���lÕ@Ì��GÍ � �� �Y� � Ö� y����Ìgà�Í�ª
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¨Ó�¢Y��������¸��2��� ���  é��à���ÌD��� � ����ÌDÍ � Ö�à�Ô��¢YÔ�� � ��� ¯ Í � Í¶ÌPà�Í¶ÌF¨ � Ñgà#à�Ì��¸��Ì���Ô�Ì�� �©� � � Ñ�X�à�Ì�� � Í��"��×�á�Ö�ÞA×"3
Õ � ��ÌF����ÌPà]à�����Ì��"Í�����ª
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�GÌ���ÌD�T��ÌD��� �wº Õ��Q� ¯ © ¯ ÌRß^Ö�Ñ � Í¶ÌF¢Y�M�¡�±à�Í�ÌRßYß�Í$�%Ö � �����Óª`��ÌD��à�����à�Ò+Ô�Ì��"Ô�Í%¸�Ì��2���%ßè��Ì��©ì �±à�Ö�ÑDÍ � Í¶�
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Õ � ��������ÌgàTà��"�������Y��� �ÖD�2� � ����à�Í¶��Ñ�ÑDÍS��� � ������ª[��ÌD��à�� �¶º � � �YÑD��ÌÓÒ+Ô�ÌPà_ÍQÌ��²Ð � �2��Ñ�ÑD�Y¼n��ªF× À � �\� ����à�Í¶��Ñ�ÑDÍ�ª
��ÌD��à��Üà�Í��"Ñ�Ñ�Í���ÌD���&Õ � ����ÌDÍ�� � Ö��D����� � �2� � ��Ì�Í°à��GÌPàa¨GÖ�Í¶Ì�� � Í����lÐ � �2��Ñ�ÑD�Y¼åÞAªF× À � ��� ª>���%�¡�"����� � ���A©
��� Ô�Ñ
Ö��2������ß º � � Ô �� ÑDÍ���Ìgà��G� � à_��Ñ��%¨�Í¶Ì�� � Í�����Ð>��ÌDÑÓÒ+Ô�����¸�à�Ì���� � Ö�à �� Í � Ñ�Ì¨ÒKÔl��ÌD��Õ
0 � Ì��"� � ¼~} À ¸�� � à
¯ ÌR�Y� � Ñ � Ö�����Í¶� � � � Ö��2� º � � Ô �� Ñ�Í¶��ÌPà£¼ ¯�� � À Ö��2����ÌD�(��� ��� Ô�Ñé��� � Õ@Ì��GÍ � �� �Y�K¼ò� �2��Ìwß�g À ÌFß
�n� ·���� Ì � ��Í¶��©­Á � àTà_��© ¯ ²2��¨�Í � ÖDß[ÌRß þ�� � �"ÌÓÒ+Ô�����à0úD©QÁT�±àa¢Y�_à�¼tÌD�^�"Ì�����ß á§ÁT� º�ú Ò Û � � ��Ì�Í¶�����ê�GÍ�� � ©
·�� ÑDÑ À¦� ���Y�������2����ª[��Ì��&Õ
0 � Ì���� � �¡� � ��ÌÓÒ+Ô����"Í%� � à º � � Ô��� Ñ�Í¶��ÌPà � Ñ�ÑD� � ×2��²�Í]¢Y���"� � Ö_à����%ß4Ù2� �   � Ñ�Ñ
����à½ú_©­ÁT��àa¢���à � Ö����"��Ì��������M����Í¶��¨�Í]¢ � ��� ����ß���à]à���������ª�� � à ¯ ÌF��� � Ñ � Ö¸����Í¶� � � � Ö���� º � � Ô �� ÑDÍa©
��ÌgàW�%Ö � ����  �Ö � �GÌ�� ¯ ÌFß�Ö�Ñ � Í�ÌR¢Y�- y¢YÑR�Y������� � ß �2¤ �"��� � ß�ÌDÍ�Í¶��Ñ�Í%ª��­ß �n� ·��\� Ì � �GÍ�����©QÁ � àTà��s© ¯ ²2��¨GÍ � ÖDß
�%Ö � ���%Ì��&��Ì����%ß á¶ÁT� º�ú Ò Û � � �"Ì�Í��"���n��Í¶� �T·�� Ñ�Ñ��2��Ì�× û Þ û ÁT� º&ú Ò Û �GÌ��w��� ��� Ô�Ñ���� � ��Î¡�=ÐD©Q« ���\� ���
�2��à�Í¶ÌFßYß�Í�¸q��Ì�� � Ö�à�����ß4Ù2� �   � ÑDÑ>����àIúD©QÁT�±àa¢Y�_à�à_Í � ßMß�����ª�� � à º � � Ô �� ÑDÍ���Ìgà���ÌD��à���à�ñ�� � Í���à � Ö
��� � Ù � Ô�Ñ ��� �¦� ��à_Í�Ñ�Ì¨ÒKÔ�������ÎÙ�=ÐA©­« �Y��� ����Ì��¸����ß �n��Í¶� �T·�� Ñ�Ñ���� � ��Ì�� � Í�� � à ¯ ÌR�Y� � Ñ � Ö�����Í¶� � � � Ö��2�
º � � Ô �� Ñ�Í¶��ÌPàsª0��Ì��:³���à � ß^Í ��� Ô�ÑQ��� � Õ@ÌD��Í � �� ����Ì�� ��ÌD��à��%ß �n��Í¶� �T·�� Ñ�Ñ�ÌPà�Í�Ì�� ��� � Ð � �2��ÑDÑ��K¼n��ªF× À
Ö��GÍ�� � ¼n� �2��Ì�ß g ÀQ� �D�Y�%�Y���2����ª���ÌD�Y³ � �¢ ¤ ���:�%Ö � �����/ \�Ö � ���"� ¯ Í � �2� �\� ����� � Í��G� �-¯ ��ÑD��¨GÍ�ÌF¢��A©
àTà¶ÒKÔ �+� ��¨!� ÌRß ¯ ²2��¨GÍ � ÖDßè����à0ß�Ì�Í�Í¶Ñ�� � ����Õµ��� � ��Ì�� · � � Ñ�Ö�à_Í���à�Ö��2�£ß�Ì�Í���ÌD��� � þ���à¶ÒKÔ � �� �D¨GÖ��D� � ÖA 
�8ßY²�Ö�Ñgà���¨GÑ���ÌD��� � � F1K~� á Þ û ³�� º&� Ò�� � ß�Ì�Í¶Í���ÑDÍ�ª¿Ù2Ö�����ß �%Ö � �G����� � ñ�� � Í{��� � ¯ ÒKÔ �¯� �D¨!�»¸¿�2��Ìþ���à¶ÒKÔ � �� �D¨GÖ��D� � ÖA ¦�8ßY²�Ö�ÑPà��w¨GÑ���ÌD��� � � F1K~� á Þ û ³�� º�� Ò=¸�ÖDßè�!# ·��\� Ì�Ì�� � Í�ª
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� åZ� â ú ����� ¯ ��ÑD��¨GÍ�ÌF¢�� � Î ä²� Ð Ô Ô�ä � Ô � ¼tÔ�ä³� À } ���2��Ì�ß g ¯�� �
ñ���öJ� Ö�¸Þ3Xá áA¸�ÚY3 ×X×=¸xÚXá û ¸Þ�=áXÚ û ¸ û 3 û û h�× ¢ × û Ð ã × � Ø�Öq�
ñ���ö��±� F ÜÞÝ Ö�¸ Ø�3 ÚA¸�áY3 ý�¸ Ö�ý û ¸ Ö»ÚY� û ¸ û ý û Ö.h?Þ ¢ × û Ð Û × � ÚXá=Þ
ñ���ö�ù û h+3Y���±� F*K�� ��¸xÚXý Þ=ýA¸�ýXá Ú2Ö�¸xÞ2Ö û ¸xý�Ö�Ú û ¸F×X×"� Ø�h�Ø ¢ × û Ð Û × � Ö!3 û
ñ���ö�ùS×qh û ���±� F*K�� Ú�¸xÚY3 û ¸ Ö�Ú Ú�¸xýXÞ û ¸F×=×�Ú û ¸ û Þ=ý Ö.h?Þ ¢ × û Ð�� × � 3XÚ
¬S¢=ß ��Ìåªs�±�iF1K~� ��¸Þ3 û ¸B3 á�¸xý û h�×�� û ¸ û ý û �ih+3 ¢ × û Ð�� × � Ø û

£ ��E�ÅAÆyÆyÅÏÂ �ts Õ � ��������Ìgà%��� � ��� � ÑDXDà_�� \�Ö �I· � � à�Ò+Ô�Ì����������w¬S¢Xß¹��ÌD� � Í¶ÌF¢Y�������G� ��¯ �"Ñ���¨GÍ�ÌR¢Y��àQ¨ � Ì ©
Í¶� � ÌD����  �Ö � � � à º Õ �é� ¯ ©­Á/¢G����Ñ�Ñw¼y¢X�2� � �(Ù2��ÌDÑ���� À Ö��2�Í  �Ö � �GÌ��£¬S¢Xß¹��ÌD� � Í¶ÌF¢Y�
� Ñ�Ñ�� �$¯ �"Ñ���¨GÍ�ÌR¢Y��àQ¨ � Ì�Í�� � Ì��"� � Ö�à�Ð � �¡�"Ñ�Ñ���¼yÖDª�Þ À ß�ÌDÍ�� � Í¶���£¼tÖ���Í¶� � à_Í���Ù2�"Ì�Ñ�� À ª���Ñ�Ñ��
ñ�� � Í¶�§à�Ì���� � ÖA ���ÌD��Õ � ��ÌR�Y��Ìgà��D¢ � ß�Ì�� � Í�ª

��Ì�� ¯ ² � Ñ�Í��"� �ÖD�2� � à¶ÒKÔ � Ì  �Í¶������� � Ð � �¡�"Ñ�Ñ��¹¼ò�AªF× À à�ÌD�2�ü�%ÌD�� y¢YÑR�YÍ � Ö · � � à_Í���Ô��"� ¦
� åZ� â ú ����� ¯ ��Ñ��%¨�Í¶ÌF¢Y� ¦ ��Ì���  �Ö � ��ÌD� ¯ ��ÑD��¨GÍ�ÌF¢��l��� � ¬ � ����ÌÓ� � Í������GÖ � Ò+Ô����"�(àa²2� � Ì � à¶ÒKÔ��"�/ß�ÌDÍa©Í¶Ñ�� � ���&Õ@��� � ��Ì�� · � � Ñ�Ö_à�Í · � � �����2�G��Í����§¬ � ÌDÍ�� � Ì����Óª ¯ Í � �2� ��� �A�¦� � Íµ��� ��¯ ÒKÔ �+� ��¨!� á ñ���öJ�xª���Î ä&��Ð ¦
��� ��� Ô�Ñ���� � à��"Ñ���¨GÍ�ÌD� � Í¶����Õ@ÑD��¨�Í � ¢�������Ö��2�£«�¢»à�Ì�Í � ¢�������ª
Ô ¦ ��� ��� Ô�Ñ���� � à_��Ñ���¨GÍ�ÌD� � Í¶����� � � � ¢Y���"��ª
Ô³ä.� ¦ ��� ��� Ô�Ñ@�G� � à_��Ñ��%¨�Í¶Ì�� � Í������ � � � ¢Y�����³ä}Õ@ÑD��¨�Í � ¢������TÖ��2�/«�¢»à�ÌDÍ � ¢�������¸���ÌD��à �"��Í°àa² � ÌÓÒ+Ô�Í
�G� � ��� ��� Ô�Ñ���� � ¬ � �2��ÌÓ� � Í��"��ª
Ô � ¼nÔ�ä³� À°¦�º � � Ô �� Ñ�Í¶��ÌPà · ¢���� � � � ¢������ � Ö·� � � � ¢Y����� ä]Õ@Ñ���¨GÍ � ¢Y�����®Ö���� «�¢»à�Ì�Í � ¢�������¸¦��Ì��±à
�"��Í°àa² � ÌÓÒ+Ô�Í«��� � ¬S¢Y�GÍ � ß�Ì�� � Í�ÌR¢Y����� � ¬ � �2��Ì¨� � Í¶������Ö � Ò+ÔT� � � � ¢Y�����Óª
} ¦[º � � Ô �� Ñ�Í���ÌPà � Ñ�Ñ�� � � �T� ��ÖD�YÍ¶����Õ@Ñ���¨GÍ � ¢Y���"��Ö�����«�¢»à�ÌDÍ � ¢������ � Ö�à{���%ß Ù2� �   � Ñ�Ñ�����à�ú_©­ÁT��àa¢���à
� ÖðÌD�l�����U����Í¶��¨�Í]¢ � ���Uà���ÑD��¨�Í¶Ì�� � Í�����Õ@Ñ���¨GÍ � ¢Y���"�ðÖ��2�£«�¢�à_Ì�Í � ¢Y���"� � Ö_à���ÌD��à��%ß Ù2� �   � ÑDÑ8ª
���2��ÌDß g ¦ ��� ��� Ô�Ñ2��� � Õ@Ì��GÍ � �� �Y��ÌFß}�n� ·���� Ì � ��Í¶��©­Á � àTà_��© ¯ ²2��¨�Í � ÖDß[ÌRß þ�� � ��Ì¨ÒKÔ©����à�ú_©­ÁT��àQ¢Y��às¸
� � à%Ô���Ì ¤ Í%Ì�����ÌD����ß á ÁT� º{ú Ò Û � � ��Ì�Í¶���l�n��Í¶� �T·�� ÑDÑ��¡�"Ì�× û Þ û ÁT� º�ú Ò Û ª
¯�� � ¦Dº � � Ô �� ÑDÍ���Ìgà � �%Ìgà�Ò+Ô���� ¯ ÌR�Y� � Ñ ¯ ¼ á Õ@Ì��GÍ � �� �Y�&��� ��� Ö�à�����ß Ù2� �   � Ñ�Ñ>�G��àIú_©­ÁT��àa¢���àIà�Í � ß ©
ß����2�����¸ÕµÑD��¨GÍ � ¢�������Ö��2�/«�¢»à�ÌDÍ � ¢������ À Ö��2�T���%ßè���GÍ�� � � � Ö��2���-ª
�n���G� � ÑD��Í � Í¶���£Ù2��Ì�ÑD����� � Ð � �2��ÑDÑ��¶à�ÌD�2����ÌD�Q��¾�²¡� � ÌFß�����Í¶��Ñ1Ñ��à��ñ�� � Í�� � ���Y�������2����ª ¯ Ì���à_Í � ßMß����
� Ö�à�����ß ¯ ²2��¨�Í � ÖDß"¸�� � à@Ì��¹�w�D��Ì�Ñ¨��Ö��D�Ü¼n�Aª�á À � �\� ����à�Í¶��Ñ�ÑDÍ@ÌPà_Í�ª=��Ì�� ¯ ��Ñ���¨GÍ�ÌR¢Y�©��� � ¬ � ����ÌÓ� � Í����Ó¸
�GÌ�� � Ö���Ì���à_��ß ¯ ²2��¨GÍ � ÖDß �2��ÌDÍ � ÖD�Y���Ó¸§� �  y¢YÑR�YÍ¶����Ö � ÒKÔ²��Ì���¬ ¢=ß ��Ì�� � Í�ÌF¢�� � Ñ�ÑD� ��· ¢ � ����à�Í¶��Ñ�ÑDÍ����
¯ ��Ñ���¨GÍ�ÌR¢Y��àQ¨ � Ì�Í¶� � ÌD���K�¡� � �ÖD�YÑDÌÓÒ+Ô ����àYß�ÌDÍ�Í�ÑD� � �"�®Õ@��� � ��Ì�� · � � Ñ�Ö_à�Í��±à ß�Ì�Í��G���±ÌD�¥¬ � ²�ÌDÍ���Ñ�Þ�ªxÞ�ªxÞ
� ÖA y�2  �Ö�Ô � Í¶��� Û Ö � ÑDÌ�Í �� Í?àQ¨ � Ì�Í�� � Ì��"��¸+Ì����G� � Ð � �2��Ñ�ÑD��¼ò�AªR× À ����Í°àa² � ÌÓÒ+Ô�Í � � à���� � ���D� � �2�X�X¬S¢=ß ��Ìåªk�
� F*K�� �Aª�� � ÒKÔ§������������Ö��D� � Ñ�ÑG��ÌD��à�� ��¯ ��Ñ���¨GÍ�ÌR¢Y��àQ¨ � Ì�Í¶� � ÌD���I�2��Í � �� �YÍ���ÌD�0��� ��� Ô�ÑG��� � ¬ � �2�GÌÓ� � Í����
�"Ía� � Ø�² � ¢�Õ � ��ÌR�Y��Ìgà�ª���Ì���¬S¢���Í � ß�ÌD� � Í¶ÌF¢Y�¸��� ��� Ö_àa�Y�%� �� Ô�ÑDÍ����"¬ � �2��Ì¨� � Í¶���l��Ö � Ò+Ô�� � � � ¢������
�%Ö � ��� � ÖA y� � Ö��2����� � Õ � �Y�%����ÌPà]à���¸G��ÌD��ÌD�£¬ � ²�ÌDÍ���Ñ�Ö�ªF× û&� �D���� \�Ö�Ô � Íwà�ÌD�2�`¸ � �D����à�Ò+Ô��� Í � Í%ªDµw�Ö � ��ÌD�
Õ
0 � Ì��"� � �%Ö � ������ÌD�Yß�ÌDÍ�Í�ÑD� � �"�^ñ�� � Í � Ö�à���� �S¯ ÌRß^Ö�Ñ � Í¶ÌF¢Y� �ÖD�2� � �D¢=ßYß����Óª���Ì��&Õ@Ì��GÍ � �� ����ÌFß á
ÁT� º�ú Ò Û � � ��Ì�Í¶���l�ê�GÍ�� �T·�� ÑDÑ`�2��Ì�× û Þ û ÁT� º ú Ò Û �%Ö � �����l��Ì � ��¨GÍ � Ö�à�����ß ¯ ²¡�%¨�Í � ÖDß � �D�Y�"Ñ���à_���
¼å���D��ÌDÑÓ��Ö��D� ¼ò�Aª�Þ À ÑDÌ��D¨�à À ª�� � à ¯ ÌF�Y� � Ñ � Ö����GÍ�� � � � Ö��2� º � � Ô �� Ñ�Í���ÌPà-�%Ö � ���/ y¢YÑR�Y���2�G� � ß ��¤ ���



Â �Ó¤ < Ë¿Ì��DÕ�Ét�DË�È�Å Ñ7= ������Å Ñ ÄÓÒ�ÅAÇ`È±Õ2Å�Ë <�< ' C

� ���Y��à¶ÒKÔ �� Í � Í ¦ ��Ì��1��� ��� Ô�Ñ{��� � � � � ��� Í¶��Í���� Õ@ÌD��Í � �� ��� � Ö�à����%ß Ù2� �   � Ñ�Ñé����àMú_©­ÁT��àa¢���à�ÌFß
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¼n��ª Ø À Ìgà�Í%Ñ�ÌD�D¨�à�� � à��n� ·Y��� Ì � �GÍ���©­Á � à]à���© ¯ ²2��¨GÍ � Ö�ßè� �\� �Y��à_Í���ÑDÑ�Í%ª
��ÌD�B³���à � ß�Í ��� Ô�Ñ2��� � Õ@Ì��GÍ � �� ��� · � �¶� ÌD�D�Y� � Í�à�Ì¨ÒKÔ¹�Y�%�Y��� �Ö��¡� � ��� � ���±à ¯ ²¡�%¨�Í � ÖDß£à@ÌD�Y������Ì�Ñ¨��Ö��D�
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µ �Ö � ��Ì��¦�n� ·Y��� Ì � �GÍ���©­Á � à]à���© ¯ ²2��¨GÍ � �"��¸���ÌD�@Ô�ÌD� ��· ¢ � �Y��à_Í���ÑDÑ�Í���� � ������¸s�%Ö � �G��� � Ö_à �� Í � Ñ�Ì¨ÒKÔ � Ö&����ß
¬ � Ì�Í�� � Ì�Ö�ß(¸à� � à
ÌRß Ñ��"Í � Í¶���§¬ � ²�Ì�Í¶��Ñ!��ÌD�D�Y�� \�Ö�Ô � Í��%Ö � ����¸ ¯ ²�Ö � ���-ß�Ì�ÍÙ�"Ì�����ß Ð �+� �_à · � � à � ÑDÌFßY²�Ö�ÑPà
¨GÑ��"Ì���� � Þ ûXû ÁT� º{ú Ò · � � �½¢ �  ��"��ª����D��Ì�ÑÓ�GÖ��D�#¼ò�AªÞ3 À�� �"ÌF�YÍµ� � à��n� ·���� Ì � ��Í¶��©­Á � àTà_��© ¯ ²2��¨�Í � ÖDß � � à
à_ÌÓÒ+Ô^� � Ò+Ô���Ì��±à�� � ì%����Ö�¨�Í¶ÌF¢Y�¸��� � ¬ � �2��Ì¨� � Í¶����� � � � ��ªD� � à º � � ��� �  ���� · ¢Y� ¯ ²�Ö � ���Yß�ÌDÍ@��ÌD����ß
Ð �+� ��à · � � à � Ñ�ÌRßY²�Ö�ÑgàW¨GÑ��"Ì���� �½û ¸xÞ ³�� º&� Ò  \�Ö�Ô � Í�¸ · � � ��Ñ�Ì¨ÒKÔ��"�#ß�Ì�Í¦����ß Ì������D��ÌDÑÓ��Ö����Y¼n��ªxý À Ñ�ÌD�D¨�à
��� � ��ÌR�YÍ¶��� ¯ ²¡�%¨�Í � ÖDß(¸ � Ö���Ì���� ��º � ��� Ì��D��� � Ö��D�&��� � Õ@Ì��GÍ � �� �Y��ÌFß �n� ·Y��� Ì � �GÍ���©­Á � à]à���© ¯ ²2��¨GÍ � Ö�ß(ª
�8ß Á � àTà��"�A�2� � ��ÌÓÒ+Ô · ¢Y�®×�� û ÁT� º�ú Ò Û ��ÌPà�á û=û ÁT� º ú Ò Û · � � �� ����� � Í§à_ÌÓÒ+Ô � Ö2Ò+Ô³�GÌ��Mµ_¢ � ß¾��� �
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à_Ì��D¨GÍ¦��Ì��w��� ��� Ô�Ñ � ÖA �Ò � ª�Ú�¸F× ¯ ²�Ö � ���¹² � ¢&Õ � ��ÌR�Y��Ìgà�ª���Ö�à���� � � � Í¶���D¢ � Ì��"��Í¶Ì�� � Í����ÜÁ/¢Y�GÍ���©]Ý �\� ÑF¢
¯ ÌFß�Ö�Ñ � Í�ÌF¢�������Ñ ���¤ Íwà�Ì¨ÒKÔ � ��Ñ���ÌDÍ�����¸�� �2¤ �GÌ������ ��� Ô�Ñ ��� �w¯ ÌF��� � ÑD��Ì��GÍ � �� �D���{��Ö � ÒKÔl��ÌD�QÐ �+� ��à · � � ©
à � ÑDÌFßY²�Ö�ÑPàa�2��à¶ÒKÔ � �� ��¨�Ö�����ÖDß.��ÍQ� � Ú û # · � �¶� ÌD�D�Y� � Í��%Ì � �`ªY�n�©Ð � �¡�"Ñ�Ñ��¶¼n��ªxÚ À à�ÌD�2��� � à ¯ ÌF��� � Ñ � Ö
����Í¶� � � � Ö��2� º � � Ô �� ÑDÍ���Ìgà ¯�� �ØÖ��2�{��ÌD����� ��� Ô�ÑG��� � ÕµÌD��Í � �� �Y�w¼n�:�2��Ì�ß�g À ÌFß.�n� ·��\� Ì � �GÍ���©­Á � à]à���©
¯ ²¡�%¨�Í � ÖDß¾ÌFß þ�� � ��ÌÓÒ+Ô�����à§ú_©­ÁT��àa¢���à � ���Y�������2����ª
ñ��������®����à�������ÌF�Y� � à�Í �\� ¨ · � �¶� ÌD�D�Y� � Í����
����Í¶� � � � Ö��2�G��à�� � ��ÌF��Í¹à_ÌÓÒ+Ô®��Ì�� ¯ ÌR�Y� � Ñ � Ö����GÍ�� � � � Ö��2� º � � Ô �� Ñ�Í¶��ÌPà · ¢Y� ¯�� �¬� × � � û ªI��Ì��±à
�2���G��Ö�Í��"Í�¸2� ��¤ ��Ö � Ò+Ô���Ì��§þ���à¶ÒKÔ � �� ��¨�Ö���� � Ö� ¦Ð§�"Ì�ÑÓÒ+Ô����¹ß�ÌDÍ�Ð �+� ��à · � � à � Ñ�ÌRßY²�Ö�Ñgà����¹� � �¢ ¤ � �Sû ªxÞ
³�� º&� Ò{� � à ¯ ÌR�Y� � Ñ � Ö����GÍ�� � � � Ö��2� º � � Ô��� ÑDÍ���Ìgà���ÌÓÒ+ÔGÍ · � � �¡�±àTà�� � Í0�¦� � �G���£¨ � ����ª
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º � � ��� �  �������� � Ð§��ÌDÑÓÒ+Ô�����¸q��Ì�� � Ö£« ���\� ���Yß�ÌDÍ�Á � à]à���¨�ÑD��Ì���� ��� Ñgà�×"� û ÁT� º�ú Ò Û
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�8ß4 y¢YÑR�Y���2�G���:à_Ì��2����ÌD� ¯ ²2��¨GÍ � ���²����àSß�Ì�Í¶Í�ÑD� � ���lÕ@��� � �YÌD� · � � ÑDÖ�à�Í¶��à�²�¢�à_Ì�Í¶Ì · � � Ö��2������� � Í¶Ì · � �
Ð>��Ì�Ñ¨ÒKÔ��"�T� �\� ����à�Í¶��Ñ�ÑDÍ�ª���ÌD��à��"� ¯ ²2��¨GÍ � ���TÑDÌ��������UÞ ûXû=ûXû Õ � ��ÌF����ÌPà]à��&ÌFßè��� �-¯ ÐI� ä ¬S¢Y� � ��Ö �+� ©
Í�ÌR¢Y� � ÖD� � Ö��2�G��ª���� � ÑDÑ�� ¯ ²2��¨GÍ � ���(�%Ö � �G���³�GÌ���ÌFß ¬ � ²�ÌDÍ���Ñ�Ö�ªxÚ � ÖA y����  �Ö�Ô � Í���� Û Ö � ÑDÌ�Í �� Í?àQ¨ � Ì ©
Í�� � Ì��"�:�Y��à_Í���ÑDÑ�Í%ª���Ì�� ¯ ²2��¨GÍ � ���®Ö���Í¶� � Í¶��Ì�ÑD���Jà�ÌÓÒ+Ô®ÌFß Ú:³ � ÖD²�²¡�"��¸@Ì������ � Ô � ÑF� ��� � � �  y¢YÑR�Y�������
¬ � ÌDÍ�� � Ì���� � �l��Ì�� ¯ ²�Ö � ���l��� � Ð>��ÌDÑÓÒ+Ô����Y����à�Í¶��Ñ�ÑDÍ0�%Ö � ������ª
± Õ�Ô�Ò�Ò�Å <³² ��ÑDÑ�� ¯ ²�Ö � �"�ð�"��Í°àa² � ��ÒKÔ���������� Û Ö � Ñ�Ì�Í �� Í°àa¨ � Ì�Í¶� � ÌD��� � Ö�àw¬ � ²�ÌDÍ���Ñ�Ö�ªxÚAª
± Õ�Ô�Ò�Ò�Å <³<�² ��Ñ�Ñ�� ¯ ²�Ö � ��������Í°àa² � ��Ò+Ô������l����� Û Ö � ÑDÌ�Í �� Í?àQ¨ � Ì�Í¶� � ÌD��� � Ö�à�¬ � ²�Ì�Í¶��Ñ�Ö�ªxÚ�Ö��2����� �µD¢ � ��� � Ö��D�D¸�� ��¤�� Ñ�Ñ�� ¯ ²�Ö � ���´��� � Á�ÐI«0Ý�������ÌF��à_Í����_à0ß�Ì�Í Ú «@Ö��D¨GÍ��"�TÌFß ��� �wº ÐI«0Ýw×

����ß���à]à����Y�%Ö � �����Óª
± Õ�Ô�Ò�Ò�Å <³<�<�² ��ÑDÑ��lÐ>��Ì�Ñ¨ÒKÔ��"�³���GÍ?àa² � ��Ò+Ô������®���"� Û Ö � ÑDÌ�Í±�� Í?àQ¨ � Ì�Í¶� � ÌD��� � Ö�àY¬ � ²�Ì�Í¶��Ñ�Ö��2�·��� �µD¢ � ��� � Ö��D�D¸�� ��¤�� Ñ�Ñ�� ¯ ²�Ö � ���´��� � Á�ÐI«0Ý�������ÌF��à_Í����_à0ß�Ì�Í Ú «@Ö��D¨GÍ��"�TÌFß ��� �wº ÐI«0Ýw×

����ß���à]à����£�%Ö � ������ª�Ù2Ö_à �� Í � Ñ�Ì¨ÒKÔ£�¦� � ���"��Ð>��Ì�Ñ¨ÒKÔ��"�üß�Ì�Í%��ÌD����ßèÐ �+� ��à · � � à � Ñ�ÌFßM²�Ö�ÑPà@�G�³°
û ªxÞY³�� º�� Ò · � � �0¢ �  ����Óª

��ÌD� ¯ ²2��¨�Í � ���¥�%Ö � ������  �Ö �  ������K³ � ÖD²D²2� · ¢Y� ¬ � Ì�Í¶� � ÌD���� ����¦��Ì�Ñgà   �Ö � ����� ���A  � �D��àQ�2� � ��Ì¨ÒKÔ
¸�ß�ÌDÍ�Í�ÑD� � �"�1þ�� � ��Ì¨ÒKÔ�Ö��2�®Õ@�2�A�2� � ��ÌÓÒ+Ô
��� � ��¨ � ��²�Í � � �Y· ¢�� º ÐI« Ýw×=¸ º ÐI« Ý½ÞTÖ��2� Á�ÐI«0Ý
� � à�Í��"Ñ�Ñ�Í%ªG�­ß ����� ¯ ²2��¨GÍ � ���Uà�ÌD�2����Ì�� ¯ ÒKÔ �¯� �D¨!�"����� � þ�� � ��ÌÓÒ+Ô�� � Ö �w¯ ��Ñ��%¨�Í¶ÌF¢Y� · ¢Y�lÕ@Ñ���¨GÍ � ¢Y�����
ß�ÌDÍ$ß �¢X�YÑDÌÓÒ+Ô�à�Í½�Y� � Ì��D����ß «µÌR¢Y���"��Ö��GÍ�� � � � Ö��2����ÌD�D�Y� � ��ÌÓÒ+Ô�����Í%ª



� ' � �YË�I��DË§w



� �ts ± Õ�Ô�Ò�Ò�Å < �2�

´ )�y µ |%�¶�·�®� �



� ` � �YË�I��DË§w

�X-/'*0�&�)�'2�¸"!'*,�¹º��&.&+��'*)�'*�¼»½�Z'*)�����'z¾¿'*)+�7�Z,i&�'*,c"!'*)ÁÀÂ)+�	-!-/'ÄÃ+Åd�7¹ �!�X�
&('*)�'2�¸Ã(¹Æ-Ç�!��,.^/'*)�'2��[]\º"!'*)�È%É�Ê Ë��

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

50
Î

100 150 200 250 300
Ï

350
Ï

400 450 500
Î

T
ei

lc
he

n

0
Ð

1000

2000

3000
Ï
4000

5000
Î
6000
Ñ

p + K+ πÒ + eÓ +

〈
Ô
 - dE/dx 〉

Õ
 VT1, positive Teilchen p=1 bis 2 GeV/c

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

50
Î

100 150 200 250 300
Ï

350
Ï

400 450 500
Î

T
ei

lc
he

n
0
Ð

1000

2000

3000
Ï
4000

5000
Î
6000
Ñ

p
–
 + K−

πÒ −
eÓ −

〈
Ô
 - dE/dx 〉

Õ
 VT1, negative Teilchen p=1 bis 2 GeV/c

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

50
Î

100 150 200 250 300
Ï

350
Ï

400 450 500
Î

T
ei

lc
he

n

0
Ð

1000

2000

3000
Ï
4000
Ö
5000
Î
6000
Ñ

p + K+ πÒ + eÓ +

〈
Ô
 - dE/dx 〉

Õ
 VT1, positive Teilchen p=3 bis 4 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

50
Ù

100 150 200 250 300
Ú

350
Ú

400 450 500
Ù

T
ei

lc
he

n

0
Û

1000

2000
Ü
3000
Ú
4000

5000
Ù
6000
Ý

p
–
 + K−πÞ − eß −

〈
à
 - dE/dx 〉

á
 VT1, negative Teilchen p=3 bis 4 GeV/c

¥�¦.¦.§â¨äãiånæ.ç	¥	èêé ëkìîíQækïJðEí�ñ	ò�í�ó+ôXõmïJïEöNí~ðJí�ñ�÷.ñ�í�ðEøAõmí�ù8í�ðJömú�óEïJí�ó]ò�í~ðÓõ*ðEú�ì�ìîí�ð�û7õmô½ú�ñkïJí�ðEí�ñSðäôXì�ú�ömóEüqí�ðEí�õxè8é�õmôò�í�ðzý�ç�ê�ì@?�ë�ø�õmñ�ækó]öXêiþAóJõmïEõNù8í�ç.í�õmöxè8é�í�ñ�ë�ùÿíQè8é ïEó]ö���í�ø�ä7ïJõmù8í+ç.í�õmöxè8é�í�ñ�ë



� �ts ± Õ�Ô�Ò�Ò�Å < � C
�X-/'*0�&�)�'2� "!'*, ¹º��&.&+��'*)�'2� »½�Z'*)�����'z¾¿'*)+�7�	,s&�'*, "!'*) ÀÁ)+�Z-d-/' Ã£ÅÆ�7¹
`�^/'1)�'_� Ã.¹Æ- �!��,.^/'1)�'_��[ÿ\Æ"!'*)�È É Ê Ë��

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

50
Î

100 150 200 250 300
Ï

350
Ï

400 450 500
Î

T
ei

lc
he

n

�

0
Ð

500
Î

1000

1500

2000
�
2500
�
3000
Ï

p + K+ πÒ + eÓ +

〈
Ô
 - dE/dx 〉

Õ
 VT1, positive Teilchen p=5 bis 6 GeV/c

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

50
Î

100 150 200 250 300
Ï

350
Ï

400 450 500
Î

T
ei

lc
he

n

�

0
Ð

500
Î

1000

1500

2000

2500
�

p
–
 + K− πÒ − eÓ −

〈
Ô
 - dE/dx 〉

Õ
 VT1, negative Teilchen p=5 bis 6 GeV/c

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

50
Î

100 150 200 250 300
Ï

350
Ï

400 450 500
Î

T
ei

lc
he

n

0
Ð

200

400

600
Ñ
800
�

1000

1200

1400

p + K+ πÒ + eÓ +

〈
Ô
 - dE/dx 〉

Õ
 VT1, positive Teilchen p=7 bis 8 GeV/c

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

50
Î

100 150 200 250 300
Ï

350
Ï

400 450 500
Î

T
ei

lc
he

n

0
Ð

200
�
400
Ö
600
Ñ
800
�

1000

p
–
 + K− πÒ − eÓ −

〈
Ô
 - dE/dx 〉

Õ
 VT1, negative Teilchen p=7 bis 8 GeV/c

¥�¦.¦.§©¨ ãiå.æsç!¥	èÞg ë ìqíQækïEðJí�ñ	ò�í�ó�ôXõmïJïEöNí~ðJí�ñX÷.ñ³í�ðJø8õNí~ùAí�ðEöNú³óJïJí~ó]ò�í�ð�õ*ðJú�ì³ìqí�ð�û8õmô·ú�ñkïJí~ðJí�ñ�ðäôXì�ú�ömóEüqí�ðEí�õxè8é�õNôò³í�ð�ý�ç�ê�ì@?së�ø õNñ2æ óTö�êiþAóJõmïEõNù8í�çní~õNöxè8é�í�ñAë�ù]íQè8ékïJóTö���í~ø%ä7ïEõmùAí�ç.í�õmö�è8é�í~ñ�ë



` u � �YË�I��DË§w

�X-/'*0�&�)�'2�¸"!'*,�¹º��&.&+��'*)�'*�¼»½�Z'*)�����'z¾¿'*)+�7�Z,i&�'*,c"!'*)ÁÀÂ)+�	-!-/'ÄÃ+Åd�7¹ �!�X�
&('*)�'2�¸Ã(¹Æ-Ç�!��,.^/'*)�'2��[]\º"!'*)�È%É�Ê Ë�V

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

100 150 200 250 300
Ï

350
Ï

400 450 500
Î

T
ei

lc
he

n

0
Ð200

400
Ö600
Ñ800
�1000

1200

1400

1600

1800

p + K+ πÒ + eÓ +

〈
Ì
 - dE/dx 〉

Í
 VT2, positive Teilchen p=4 bis 5 GeV/c

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

100 150 200 250 300
Ï

350
Ï

400 450 500
Î

T
ei

lc
he

n
0
Ð200

400

600
Ñ800
�1000

1200

1400

1600

1800

2000
�

p
–
 + K− πÒ − eÓ −

〈
Ì
 - dE/dx 〉

Í
 VT2, negative Teilchen p=4 bis 5 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

100 150 200 250 300
�

350
�

400 450 500
Ù

T
ei

lc
he

n

0
Û

1000

2000

3000
�
4000

5000
Ù

p + K+ πÞ + eß +

〈
à
 - dE/dx 〉

á
 VT2, positive Teilchen p=6 bis 7 GeV/c

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

100 150 200 250 300
Ï

350
Ï

400 450 500
Î

T
ei

lc
he

n

0
Ð

1000

2000
�
3000
Ï
4000

5000
Î
6000
Ñ

p
–
 + K− πÒ − eÓ −

〈
Ì
 - dE/dx 〉

Í
 VT2, negative Teilchen p=6 bis 7 GeV/c
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 MTP, negative Teilchen p=6 bis 7 GeV/c

¥�¦.¦.§â¨äãiånæ.ç	¥	èN4 ëkìîí��kïJðEí�ñXò�í~ónô�õmïJïJömí�ðEí�ñ�÷.ñ³í�ðJø8õNí~ùAí�ðEöNú³óJïJí~ó£ò�í~ð9�*ðJú³ì�ìqí!��û�õmô¶ú�ñkïJí~ðJí�ñ:�äô�ì�ú�ömóJüîí�ðJí~õ'����ò�í�ð;��
���-"<#�õmñ��kó%$��iþ8óJõmïJõmùAí-�.í�õmö�����í�ñ("�)ÿí���� ïEó%$���í�ø=+7ïJõmù8í>�.í�õmö�����í�ñ("



�@?BA ±	��
��
��� < C >

�X-/'*0�&�)�'2� "!'*, ¹º��&.&+��'*)�'2� »½�Z'*)�����'�D¿'*)+�7�	,s&�'*, "!'*) ÀÁ)+�Z-d-/' Ã£ÅÆ�7¹
`�^/'1)�'_� Ã.¹Æ- �!��,.^/'1)�'_��[ÿ\Æ"!'*)E3 É�Ê Ë

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

200 300
�

400 500
Ù

600
Ý

700 800
5

900
6

T
ei

lc
he

n

0
Û

500
Ù

1000

1500

2000

2500

3000
�
3500
�
4000

p + K+ πÞ + eß +

〈
à
 - dE/dx 〉

á
 MTP, positive Teilchen p=11 bis 12 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

200 300
�

400 500
Ù

600
Ý

700 800
5

900
6

T
ei

lc
he

n
0
Û500
Ù1000

1500

2000
Ü2500
Ü3000
�3500
�4000

4500
7

p
–
 + K− πÞ − eß −

〈
à
 - dE/dx 〉

á
 MTP, negative Teilchen p=11 bis 12 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

200 300
�

400 500
Ù

600
Ý

700 800
5

900
6

T
ei

lc
he

n

0
Û200

400

600
Ý800
51000

1200

1400

1600

1800

2000

p + K+ πÞ + eß +

〈
×
 - dE/dx 〉

Ø
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 VT2, negative Teilchen p=6 bis 7 GeV/c
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¥�¦.¦.§©¨ ãiå.æsç!¥	è é,� ëkìîí��kïJðEí�ñ!ò�í�ózôXõmïJïEömí�ðJí�ñ!÷.ñ³í�ðJø8õNí~ùAí�ðEöNú³óJïJí~ó1ò³í�ð
�*ðJú³ì�ìqíi�j��û�õmô ú³ñ ïEí�ðJí~ñk�äôXì�ú³öNóEüqí~ðJí�õ����ò�í�ð
;F�
���-"&# õNñ�� ó*$��iþAóJõmïEõNù8í-�ní~õNö�����í�ñs"�)]í����kïJó*$���í~ø,+7ïEõmùAí-�.í�õmö'����í~ñ("



f�G � �0/
H
12/JI

�X-/'*0�&�)�'2�Y"!'*,�����`�^!�¿��'_�$¹º��&.&+��'�)�'_�¸»½�	'1)�����'�D�'1)��7�Z,i&('*,�"!'*) ÀÂ)+�	-!-/'
Ã�Ã£Å �7¹ �!��&('*)�'2�¸Ã(¹Æ-Ç�!��,.^/'*)�'2��[]\º"!'*)K3 É�Ê Ë

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

100 200 300
Ï

400 500
Î

600
Ñ

700 800
L

900
M

T
ei

lc
he

n

0
N500
Î1000

1500

2000
�2500
�3000
Ï3500
Ï4000

4500
Ö

p + K+ πÒ + eÓ +

〈
Ì
 - dE/dx 〉

Í
 global, positive Teilchen p=4 bis 5 GeV/c

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

100 200 300
Ï

400 500
Î

600
Ñ

700 800
L

900
M

T
ei

lc
he

n
0
N500
Î1000

1500

2000
�2500
�3000
Ï3500
Ï4000
Ö4500
Ö

p
–
 + K− πÒ − eÓ −

〈
Ì
 - dE/dx 〉

Í
 global, negative Teilchen p=4 bis 5 GeV/c

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

100 200 300
Ï

400 500
Î

600
Ñ

700 800
L

900
M

T
ei

lc
he

n

0
N

1000

2000
�
3000
Ï
4000
Ö
5000
Î
6000
Ñ

p + K+ πÒ + eÓ +

〈
Ì
 - dE/dx 〉

Í
 global, positive Teilchen p=6 bis 7 GeV/c

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

100 200 300
Ï

400 500
Î

600
Ñ

700 800
L

900
M

T
ei

lc
he

n

0
N

1000

2000

3000
Ï
4000

5000
Î
6000
Ñ
7000

p
–
 + K− πÒ − eÓ −

〈
Ì
 - dE/dx 〉

Í
 global, negative Teilchen p=6 bis 7 GeV/c

¥�¦.¦.§â¨äãiånæ.ç	¥	èêé�4 ëkìqín� ïEðJí�ñ;ò�í�ó�øAömþAü<+7ömí�ñ!ô�õNïEïJömí�ðEí�ñ ÷(ñ�í�ðJø8õmí�ùAí�ðEömú�óJïEí�ó�ò�í�ða��ðJú�ì�ìîí:�j��ûiõmô�ú�ñkïJí�ðEí�ñt�äôvuì�ú�ömóJüîí�ðJí~õ'���!ò³í�ð>;��
�w�-"&#�õmñ��kó*$��sþ8óJõmïJõmù8í
�.í�õmö��.�³í�ñ("�)]ín�.�kïEó%$<��í�ø=+7ïEõNù8í
�.í�õmö�����í�ñ("



�V?XW ±	��

����� <³< fSR
�X-/'*0�&�)�'2�Y"!'*,�����`�^!����'2�$¹º��&.&£��'z)�'2� »½�	'1)�����'�D�'1)��7�Z,i&('*,�"!'*) ÀÁ)+�Z-!-/'
Ã�Ã+Å/�7¹ `�^/'1)�'_� Ã.¹Æ- �!��,.^/'1)�'_��[ÿ\Æ"!'*)E3 É�Ê Ë

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

100 200 300
Ï

400 500
Î

600
Ñ

700 800
L

900
M

T
ei

lc
he

n

�

0
N500
Î1000

1500

2000
�2500

3000
Ï3500
Ï4000

p + K+ πÒ + eÓ +

〈
Ì
 - dE/dx 〉

Í
 global, positive Teilchen p=11 bis 12 GeV/c

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

100 200 300
Ï

400 500
Î

600
Ñ

700 800
L

900
M

T
ei

lc
he

n

�

0
N500
Î1000

1500

2000
�2500
�3000
Ï3500
Ï4000

4500

p
–
 + K−πÒ − eÓ −

〈
Ì
 - dE/dx 〉

Í
 global, negative Teilchen p=11 bis 12 GeV/c

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

100 200 300
Ï

400 500
Î

600
Ñ

700 800
L

900
M

T
ei

lc
he

n

0
N

1000

2000
�
3000
Ï
4000
Ö
5000
Î
6000
Ñ

p + K+ πÒ + eÓ +

〈
Ì
 - dE/dx 〉

Í
 global, positive Teilchen p=19 bis 20 GeV/c

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

100 200 300
Ï

400 500
Î

600
Ñ

700 800
L

900
M

T
ei

lc
he

n

0
N200

400

600
Ñ800
L1000

1200

1400

1600

1800

p
–
 + K−πÒ − eÓ −

〈
Ì
 - dE/dx 〉

Í
 global, negative Teilchen p=19 bis 20 GeV/c

¥�¦.¦.§©¨ ãiå.æsç!¥	è é x ëkìîí��kïJðEí�ñ!ò�í�ózôXõmïJïEömí�ðJí�ñ!÷.ñ³í�ðJø8õNí~ùAí�ðEöNú³óJïJí~ó1ò³í�ð
�*ðJú³ì�ìqíi�j��û�õmô ú³ñ ïEí�ðJí~ñk�äôXì�ú³öNóEüqí~ðJí�õ����ò�í�ð
;F�
���-"&# õNñ�� ó*$��iþAóJõmïEõNù8í-�ní~õNö�����í�ñs"�)]í����kïJó*$���í~ø,+7ïEõmùAí-�.í�õmö'����í~ñ("



f�U � �0/
H
12/JI



�V?â> ±x��
��
��� <�<�< fSY
´ Z « µ\[:]¶�·�_^ �_�2�



f�C � �0/
H
12/JI

�X-/'*0�&�)�'2� "d'1, ¹º��&.&£��'z)�'2� »½�Z'*)�����'�D¿'*)+�7�	,s&�'*,¼"d'1) ÀÁ)+�Z-!-/' Ã�Ã�Ã£Å �7¹
�!��&�'*)�'2� Ã(¹Æ-Ç�!��,.^/'*)�'2��[]\�"!'*)�È%É�Ê Ë��

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

50
Ù

100 150 200 250 300
�

350
�

400 450 500
Ù

T
ei

lc
he

n

0
Û200
Ü400
7600
Ý800
51000

1200

1400

1600

1800

p + K+ πÞ + eß +

〈
à
 - dE/dx 〉

á
 VT1, positive Teilchen p=1 bis 2 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

50
Ù

100 150 200 250 300
�

350
�

400 450 500
Ù

T
ei

lc
he

n
0
Û200

400

600
Ý800
51000

1200

1400

1600

1800

2000

2200

p
–
 + K−

πÞ − eß −

〈
à
 - dE/dx 〉

á
 VT1, negative Teilchen p=1 bis 2 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

50
Ù

100 150 200 250 300
�

350
�

400 450 500
Ù

T
ei

lc
he

n

0
Û

1000

2000

3000
�
4000
7
5000
Ù

p + K+ πÞ + eß +

〈
à
 - dE/dx 〉

á
 VT1, positive Teilchen p=3 bis 4 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

50
Ù

100 150 200 250 300
�

350
�

400 450 500
Ù

T
ei

lc
he

n

0
Û

1000

2000
Ü
3000
�
4000
7
5000
Ù

p
–
 + K− πÞ − eß −

〈
à
 - dE/dx 〉

á
 VT1, negative Teilchen p=3 bis 4 GeV/c

¥�¦.¦.§â¨äãiånæ.ç	¥	èêé<P ëkìqín� ïEðJí�ñ	ò�í~ó£ô�õNïEïJömí�ðEí�ñ¿÷(ñ�í�ðJø8õmí�ùAí�ðEömú�óJïEí�ó�ò�í~ð��*ðEú�ì�ìîí
�B�j��û8õNô½ú�ñkïJí�ðEí�ñ��äôXì�ú³öNóEüqí~ðJí�õ����õNô ò�í�ð�ý��
���-dl"�# õmñ��kó%$��iþAóEõNïEõmùAí-�.í�õmö'����í~ñ("�)]í����kïJó*$��zí�ø,+@ïJõmùAí-�.í�õmö��.�³í�ñ("



�V?â> ±x��
��
��� <�<�< f�f
�X-/'*0�&�)�'2� "!'*, ¹º��&.&£��'*)�'2� »½�Z'*)�����'�D�'*)+�7�Z,i&�'1, "!'*)YÀÁ)+�Z-d-/' Ã�Ã�Ã+Å �7¹
`�^/'1)�'_� Ã.¹Æ- �!��,.^/'1)�'_��[ÿ\Æ"!'*)�È É Ê Ë��

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

50
Ù

100 150 200 250 300
�

350
�

400 450 500
Ù

T
ei

lc
he

n

0
Û

500
Ù

1000

1500

2000
Ü
2500
Ü

p + K+ πÞ + eß +

〈
à
 - dE/dx 〉

á
 VT1, positive Teilchen p=5 bis 6 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

50
Ù

100 150 200 250 300
�

350
�

400 450 500
Ù

T
ei

lc
he

n
0
Û

500
Ù

1000

1500

2000

2500

p
–
 + K− πÞ − eß −

〈
à
 - dE/dx 〉

á
 VT1, negative Teilchen p=5 bis 6 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

50
Ù

100 150 200 250 300
�

350
�

400 450 500
Ù

T
ei

lc
he

n

0
Û

200
Ü
400
7
600
Ý
800
5

1000

1200

1400

p + K+ πÞ + eß +

〈
à
 - dE/dx 〉

á
 VT1, positive Teilchen p=7 bis 8 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

50
Ù

100 150 200 250 300
�

350
�

400 450 500
Ù

T
ei

lc
he

n

0
Û

200
Ü
400
7
600
Ý
800
5

1000

p
–
 + K− πÞ − eß −

〈
à
 - dE/dx 〉

á
 VT1, negative Teilchen p=7 bis 8 GeV/c

¥�¦.¦.§©¨ ãiå.æsç!¥	è éhT ëkìîí��kïJðEí�ñ	ò�í�ó+ôXõmïJïEöNí~ðJí�ñ�÷.ñ�í�ðEøAõmí�ù8í�ðJömú�óEïJí�ózò�í�ð!�*ðJú�ì³ìqí!�B�j��û8õNôcú�ñkïEí�ðJí�ñy�äôXì�ú³öNóEüqí~ðJí�õ����õmô ò�í�ð]ý��
���-dl"<#�õmñ��kó%$��iþ8óJõmïJõmùAí-�.í�õmö�����í�ñ("�)ÿí���� ïEó%$���í�ø=+7ïJõmù8í>�.í�õmö�����í�ñ("



A m�m � �0/�H
12/!I

�X-/'*0�&�)�'2� "d'1, ¹º��&.&£��'z)�'2� »½�Z'*)�����'�D¿'*)+�7�	,s&�'*,¼"d'1) ÀÁ)+�Z-!-/' Ã�Ã�Ã£Å �7¹
�!��&�'*)�'2� Ã(¹Æ-Ç�!��,.^/'*)�'2��[]\�"!'*)�È%É�Ê Ë�V

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

100 150 200 250 300
�

350
�

400 450 500
Ù

T
ei

lc
he

n

0
Û200
Ü400

600
Ý800
51000

1200

1400

1600

1800

p + K+ πÞ + eß +

〈
à
 - dE/dx 〉

á
 VT2, positive Teilchen p=4 bis 5 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

100 150 200 250 300
�

350
�

400 450 500
Ù

T
ei

lc
he

n
0
Û200
Ü400
7600
Ý800
51000

1200

1400

1600

1800

2000
Ü

p
–
 + K− πÞ − eß −

〈
à
 - dE/dx 〉

á
 VT2, negative Teilchen p=4 bis 5 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

100 150 200 250 300
�

350
�

400 450 500
Ù

T
ei

lc
he

n

0
Û

500
Ù

1000

1500

2000

2500
Ü
3000
�
3500
�

p + K+ πÞ + eß +

〈
à
 - dE/dx 〉

á
 VT2, positive Teilchen p=6 bis 7 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

100 150 200 250 300
�

350
�

400 450 500
Ù

T
ei

lc
he

n

0
Û500
Ù1000

1500

2000

2500

3000
�3500
�4000
7

p
–
 + K− πÞ − eß −

〈
à
 - dE/dx 〉

á
 VT2, negative Teilchen p=6 bis 7 GeV/c

¥�¦.¦.§â¨äãiånæ.ç	¥	èêé�` ëkìqín� ïEðJí�ñ	ò�í~ó£ô�õNïEïJömí�ðEí�ñ¿÷(ñ�í�ðJø8õmí�ùAí�ðEömú�óJïEí�ó�ò�í~ð��*ðEú�ì�ìîí
�B�j��û8õNô½ú�ñkïJí�ðEí�ñ��äôXì�ú³öNóEüqí~ðJí�õ����ò�í�ð�ý��
���! �"�# õmñ��kó%$��iþAóEõNïEõmùAí-�.í�õmö'����í~ñ("�)]í����kïJó*$��zí�ø,+@ïJõmùAí-�.í�õmö��.�³í�ñ("



�V?â> ±	��

����� <³<�< A m A

�X-/'*0�&�)�'2� "!'*, ¹º��&.&£��'*)�'2� »½�Z'*)�����'�D�'*)+�7�Z,i&�'1, "!'*)YÀÁ)+�Z-d-/' Ã�Ã�Ã+Å �7¹
`�^/'1)�'_� Ã.¹Æ- �!��,.^/'1)�'_��[ÿ\Æ"!'*)�È É Ê Ë�V

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

100 150 200 250 300
�

350
�

400 450 500
Ù

550
Ù

T
ei

lc
he

n

0
Û

500
Ù

1000

1500

2000

2500
Ü
3000
�
3500
�
4000
7

p + K+ πÞ + eß +

〈
à
 - dE/dx 〉

á
 VT2, positive Teilchen p=11 bis 12 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

100 150 200 250 300
�

350
�

400 450 500
Ù

T
ei

lc
he

n
0
Û500
Ù1000

1500

2000

2500
Ü3000
�3500
�4000
74500

p
–
 + K− πÞ − eß −

〈
à
 - dE/dx 〉

á
 VT2, negative Teilchen p=11 bis 12 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

100 150 200 250 300
�

350
�

400 450 500
Ù

550
Ù

T
ei

lc
he

n

0
Û200

400
7600
Ý800
51000

1200

1400

1600

p + K+ πÞ + eß +

〈
à
 - dE/dx 〉

á
 VT2, positive Teilchen p=19 bis 20 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

100 150 200 250 300
�

350
�

400 450 500
Ù

T
ei

lc
he

n

0
Û200
Ü400

600
Ý800
51000

1200

1400

1600

1800

2000
Ü

p
–
 + K− πÞ − eß −

〈
à
 - dE/dx 〉

á
 VT2, negative Teilchen p=19 bis 20 GeV/c

¥�¦.¦.§©¨ ãiå.æsç!¥	è�p&g ëkìîí��kïJðEí�ñ!ò�í�ózôXõmïJïEömí�ðJí�ñ!÷.ñ³í�ðJø8õNí~ùAí�ðEöNú³óJïJí~ó1ò³í�ð
�*ðJú³ì�ìqíi�j�j��û³õmô þAüîí�ðJí~ñk�äôXì�ú³öNóEüqí~ðJí�õ����ò�í�ð]ý��
���! �"<#�õmñ��kó%$��iþ8óJõmïJõmùAí-�.í�õmö�����í�ñ("�)ÿí���� ïEó%$���í�ø=+7ïJõmù8í>�.í�õmö�����í�ñ("



A m W � �0/�H
12/!I

�X-/'*0�&�)�'2� "d'1, ¹º��&.&£��'z)�'2� »½�Z'*)�����'�D¿'*)+�7�	,s&�'*,¼"d'1) ÀÁ)+�Z-!-/' Ã�Ã�Ã£Å �7¹
�!��&�'*)�'2� Ã(¹Æ-Ç�!��,.^/'*)�'2��[]\�"!'*)43 É�Ê Ë

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

200 300
Ï

400 500
Î

600
Ñ

700 800
L

900
M

T
ei

lc
he

n

0
N

100

200

300
Ï
400
Ö
500
Î
600
Ñ
700
O
800
L

p + K+ πÒ + eÓ +

〈
Ô
 - dE/dx 〉

Õ
 MTP, positive Teilchen p=3 bis 4 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

200 300
�

400 500
Ù

600
Ý

700 800
5

900
6

T
ei

lc
he

n
0
Û100

200

300
�400

500
Ù600
Ý700

800
5900
6

p
–
 + K− πÞ − eß −

〈
à
 - dE/dx 〉

á
 MTP, negative Teilchen p=3 bis 4 GeV/c

〈
Ì
 - dE/dx 〉

Í
  [ ADC-Kanäle ]

200 300
Ï

400 500
Î

600
Ñ

700 800
L

900
M

T
ei

lc
he

n

0
N200
�400
Ö600
Ñ800
L1000

1200

1400

1600

1800

2000

2200
�2400
�

p + K+ πÒ + eÓ +

〈
Ô
 - dE/dx 〉

Õ
 MTP, positive Teilchen p=6 bis 7 GeV/c

〈
×
 - dE/dx 〉

Ø
  [ ADC-Kanäle ]

200 300
�

400 500
Ù

600
Ý

700 800
5

900
6

T
ei

lc
he

n

0
Û

500
Ù

1000

1500

2000

2500

p
–
 + K− πÞ − eß −

〈
×
 - dE/dx 〉

Ø
 MTP, negative Teilchen p=6 bis 7 GeV/c
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 global, positive Teilchen p=6 bis 7 GeV/c
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 global, positive Teilchen p=11 bis 12 GeV/c
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 global, positive Teilchen p=19 bis 20 GeV/c
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 global, negative Teilchen p=19 bis 20 GeV/c
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