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Ö ã ù`ã � ÇBÁ�¾ÂÁ$Ð$¾ÂÄ]Ê�è�Ä\â]Á�ÊÂÉPÝ�Á]Ô5è�Æ¥É]Ë`Ë»Á�Ø(ÇBÁ�Ù¥Ë»½¿¾Å½ÑÄ�Ë`Ï�É]Ë»ÃçÇ	ÉP¾êÉàÍHÉP¾ÂÆ ãµã1ã1ã � Ö
Ö ã ù`ãüù 	�Æ`Á3"AË`È»¹`¾�Ô�ä@ØÑÝ�Ä�ÊÀ½¿¾ÅÆ»¼ É]Ë»ÃvÒ	¹/¾ÂÈ»¹`¾�ã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã �Eû
Ö ã ù`ã Ö � ß ��"AËE¾ÂÁ$ÊÀÌ�É]Ð$Á ã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã ��p

Ö ã Ö ß ¹»Ä�Ë ß ÉP¾ÅÐêÆ�º5ÄxCVÉ]Ë»Ã ß ¹»Ä]ËvÍ�ÊÅÁ�é
@>�ZÇ³ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã û Õ
Ö ãüÓ /�¸»èZë�	©ÒeéSÍ�ÊÅÁ�é
@>�ZÇ ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã û��
Ö ã�� 	�½Ñ¼�½ÑË»Ývãµã1ãµã1ã1ãµãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã û]ù
Ö ãüû 	HÊÀ½ÑÝ�Ý]Á�Ê�	HÉ]º»Ø¿Á�Ï�ã1ãµãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã û�Ó

� ��Z]Z_a�S_����XUSiX���X<�bhm��TxX����,�� �e c�c
Ó/ãn� è�Ä/Ã`Á¡:(É�Î�Ä]¹`¾�ã1ã1ãµãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã û`p
Ó/ã � ß Ä�Ë»Ä]È5Ä�Ø¿Á,	�ÊÂÉ]Ðêð�½ÑË`Ý ã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã p Õ
Ó/ã ù ��Ë»Á�ÊÀÝ]Î0:aÄ�ÏÅÏ@É]Ë»ÃçÇBÁ$Ø¿¾êÉ?@©É�ÎXÏoã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã p �
Ó/ã Ö ß ¹»ØÚ¾Â½ÑÈ`ØÑÁe¸/Ð�ÉP¾Å¾ÅÁ�ÊÀ½ÑË»Ý;ã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã p Ö
Ó/ãüÓ è�Ä/Ã`Á+�ZÉPØÑ½ÑÃ»ÉP¾Â½¿Ä�ËSãµãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã pEÓ

Ó/ãüÓ/ã�� è�Ä]¼!È¥ÉPÊÅ½ÑÏÀÄ�Ëbæ�½¿¾ÅÆvÉ�¸X¾ÂÉ]Ë»Ã/ëkä�Ø¿Ä�Ë»Á1¸/½¿¼�¹»Ø×Éw¾Â½ÑÄ]Ë ã1ãµã1ãeãµã1ãµã1ã1ã pEÓ
Ó/ãüÓ/ã � è�Ä]¼!È¥ÉPÊÅ½ÑÏÀÄ�Ë�º=Á$¾Aæ8Á�Á�Ë�É]Ë¥É]ØÚÎX¾Å½ÑÐ	ÉPË»Ã�@�¹»Ë»Ý]Á�ëF&	¹`¾À¾êÉ ÏÅÄ]ØÑ¹`¾Å½ÑÄ�Ë»Ïpã1ã1ã p�p

Ó/ã�� ¸/¹»¼�¼7ÉPÊÀÎ ãµã1ã1ãµãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã p��

¢ e�Vya�����hjV.��£�^uabh�S_^`k�v{S_Z�~0v�TWv{��huT l<c
�`ãn� ä�Ð$Ð�Á�È/¾êÉ]Ë»Ð$Á ã1ã1ãµãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã �Eû
�`ã � ��ØÑÁ�Ð�¾ÂÊÀÄ�Ë»½ÑÐ$ÏE@©Á$ÏÅÈ=Ä�Ë»ÏÀÁ ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã¤� ÕPÖ
�`ã ù ¸/È=Ä�½ÑØ¿Á�ÊÅÏ ã1ãµã1ã1ãµãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã¤� Õ �
�`ã Ö 	�½Ñ¼�½ÑË»Ývãµã1ãµã1ã1ãµãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã¤���xp
�`ãüÓ ÇB½ÑÝ�½Ú¾êÉ]ØU@�Á�ÏÀÈ5Ä�Ë`ÏÅÁ ãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã¤���x�
�`ã�� Ç	ÉP¾êÉPÏÅÁ$¾ ã1ãµã1ã1ãµãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã¤� �]�

p



c |¡v{S]Z_a�Z_v8TxhM¥¦hm�bhm^`TYa�XUS Q�d�s
û/ãn� ÷�½¿Ã`¾ÂÆVè�¹`¾ ã1ã1ãµãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã¤� � Ó
û/ã � ¸XÁ�Ý�¼�Á�ËE¾@é3½ÑË`Ã»½ÑË»Ý ã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã¤� � �

§ ¨©hm�x\_�bTY� Q�s�l

� ega���h���X���������a��Uf<T�e�Vyab���UhjV.~�hjTxv{a���� Qj�¦c

�



� Õ



ª « O'K H­¬ ® «]¯J° ± L�O

� ë%� ä°¼!Ä]Ë»Ä�È=Ä�ØÑÁ ëAÁ�Ø¿Á�Ð�¾ÂÊÅÄ]Ë�Ð�Ä�Ø¿ØÑ½ÑÏÀ½ÑÄ�Ë ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã � ù
� ë � 	�Æ»ÁeÐ�ÊÀÄ�ÏÅÏÀ½ÑË»Ý�ÏÀÎX¼�¼!Á�¾ÂÊÀÎbÄ]Ì3¼�Ä�Ë»Ä]È5Ä�Ø¿Á�ëkÁ�ØÑÁ$Ð$¾ÅÊÅÄ�Ëb½¿ËE¾ÂÁ�ÊÅÉ]Ð$¾Å½ÑÄ�Ë`ÏKãeãµã1ãµã1ã1ã � �
� ë-ù ß Ä�Ë»Ä]È5Ä�Ø¿ÁBÈ»ÊÀÄ/Ã»¹`Ð$¾Â½¿Ä�Ë�Ð�ÊÀÄ�ÏÅÏ©ÏÅÁ$Ð$¾Â½¿Ä�Ë ã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã � û
� ë Ö ��Ë»Á�ÊÀÝ]Î�ØÑÄ]ÏÅÏ�Ä]ÌH¼!Ä�Ë`Ä�È5Ä]ØÑÁ�ÏÜÉ]Ë»ÃçÈ»ÊÅÄ]¾ÅÄ�Ë»Ïeãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã � �
ùwë%� 	�Æ»Á1é¥Á�ÊÅ¼�½ÑØÑÉ]º�É]Ð$Ð�Á$ØÑÁ�ÊÅÉP¾ÂÄ]Ê�Ð�Ä�¼�È»ØÑÁ²C ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã ù �
ùwë � ÍHÁ�É]ðb½ÑË`ÏÀ¾êÉPË�¾ÂÉ]Ë»Á$Ä�¹»Ï©ØÑ¹»¼�½ÑË»Ä]ÏÅ½¿¾AÎKãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã ùEÓ
ùwë-ù 	�Æ»ÁµèÜÇ	éöÃ»Á$¾ÅÁ�Ð$¾ÅÄ�Ê ã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã ù��
ùwë Ö èÜÇ	é�¾ÂÊÂÉPÐêðX½¿Ë»ÝàÏÅ¹»ºXëAÃ»Á�¾ÂÁ�Ð�¾ÂÄ�ÊÀÏ ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã ÖEÕ
ùwërÓ è�Ò,	�÷�½ÑÊÀÁ	È»Ø×ÉPË»Á�Ïöãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã Ö �
ùwëF� è�Ò,	jÏÅ¹`È5Á$ÊrëAÐ$Á�Ø¿Øåãµãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã Ö��
ùwërû èÜÇ	é�¾ÂÊÅ½¿Ý�Ý�Á$Êîã1ã1ãµãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã Ö �
Ö ë%� 	©Ò	éö¾ÅÊÅ½¿Ý�Ý�Á�Ê�Á$ØÑÁ$Ð$¾ÂÊÀÄ�Ë»½¿Ð�Ï�ã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã Ó Õ
Ö ë � 	©Ò	éSä�Ç ß � ß º`ØÑÄXÐêðbÏÅÐêÆ»Á$¼7Éw¾Â½ÑÐ ã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã Ó]ù
Ö ë-ù ÒBÊÅ½ÑÝ]½ÑËbÄ]ÌHÐêÆ¥É]Ë`Ë»Á�Ø(ÏÀæ�É]È»È`½ÑË»Ýbã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã Ó�Ó
Ö ë Ö 	�Æ»Á¡oB½ÑÁ$¾ÅÁ�Ïr¾@¼�Á�Ë�¹>ãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã Ó�û
Ö ërÓ 	©Ò	éö¾ÅÊÅ½¿Ý�Ý�Á�Ê�Ð�É]º»Ø¿Á�Ï ã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã Ó`p
Ö ëF� 	©Ò	éö¾ÅÊÅ½¿Ý�Ý�Á�Ê�Ð�É]º»Ø¿Á	ÏÅÆ»½¿Á�ØÑÃ�Ý�ÊÀÄ�¹»Ë»Ã`½ÑË»Ý­ã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã Ó`�
Ö ërû 	©Ò,	E@>"F/�Ð�Ä�Ë`Ë»Á�Ð�¾ÂÄ�Ê�Ø×ÉPº5Á$ØÑÏ
ã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã �8�
Ö ëFp 	©Ò,	E@>"F/³/�ØÑÄXÐêð�¸XÐêÆ»Á�¼!ÉP¾Â½¿Ð ã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã � �
Ö ëF� èÜÇ	éöÐ�ØÑÄXÐêð7ÏÀ½ÑÝ�Ë»É]Øøãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã ��ù
Ö ë%� Õ èÜÇ	éöº»¹»Ë»ÐêÆVá�Á�ÊÀÄ!ÏÀ½ÑÝ�Ë»É]Øvã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã ��ù
Ö ë%�`�sèÜÇ	éöÊÅÁ�Ð$Ä\â�Á�Ê©ÏÅ½¿Ý�Ë¥É]Øîã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã � Ö

���



Ö ë%� � èÜÇ	éöÆ¥É]Ø¿¾ÜÏÅ½ÑÝ]Ë¥É]Ø1ãµãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã � Ö
Ö ë%��ùP´�"-ÍKÉPË»Ã ß "-Í^¾ÂÊÀ½ÑÝ�Ý�Á$ÊÜº»½Ú¾�Ã»Á$Ù¥Ë`½¿¾Â½¿Ä�Ë»Ï�ã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã �EÓ
Ö ë%� Ö 	©Ò,	E@>"F/�Ð�Ä\â�Á$ÊÂÉ]Ý]Á ã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã �EÓ
Ö ë%�\ÓM	©Ò,	E@>"F/�Ã¥ÉP¾ÂÉàÈ»ÉP¾ÂÆ�ã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã ���
Ö ë%�x��	©Ò	éSÐ$Ä�ÏÅ¼�½ÑÐB¾ÅÊÅ½¿Ý�Ý�Á�ÊÜÉ]ØÑÝ�Ä]ÊÅ½¿¾ÅÆ»¼ ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã û �
Ö ë%�\û é3½ÑË`Á
	�½Ñ¼�½ÑË»ÝKã1ã1ãµãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã û]ù
Ö ë%�xp�	©Ò	éö¾ÅÊÅ½¿Ý�Ý�Á�ÊÜ¾Å½Ñ¼�½ÑË»ÝµÃ»½×ÉPÝ�ÊÂÉ]¼ ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã û Ö

ÓNë%� � ��äBA�	�¾ÅÊÂÉ]Ðêð�½¿Ë»ÝàÈ¥É]ÐêðwÉ]Ý�Á ã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã û`p
ÓNë � ß Ä�Ë»Ä]È5Ä�Ø¿Á�¾ÂÊÅÉ]Ðêð�½ÑË»Ý!É]Ø¿Ý�Ä�ÊÅ½Ú¾ÂÆ»¼ ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã p Õ
ÓNë-ù ��Ë»Á�ÊÀÝ]Î�ØÑÄ]ÏÅÏ�Ä]ÌHÈ»ÊÅÄ]¾ÅÄ�Ë»Ï�½ÑË�ÉP½ÑÊ>ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã p�ù
ÓNë Ö ��Ë»Á�ÊÀÝ]Î�ØÑÄ]ÏÅÏ�Ä]ÌH¼!Ä�Ë`Ä�È5Ä]ØÑÁ�½¿ËçÉ]½ÑÊVãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã p Ö
ÓNërÓ 	©Ò	éîÉPÐ�Ð�Á$È`¾êÉPË»Ð�Á1Ð�Ä�¼�È¥É]ÊÀ½ÑÏÀÄ�Ë ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã p��
ÓNëF� ��Ë»Á�ÊÀÝ]Î�Ã»½nµmÁ$ÊÅÁ�Ë`Ð�ÁµÉP¾E	©Ò	éöÌMÄ]Ê � ��ä,A>	zÉ]Ë`Ã ß Ä]Ë�¸/½Ñ¼ ã1ãµã1ãeãµã1ãµã1ã1ã pEû
ÓNërû ¶�Ã`½�µ5Á�ÊÅÁ$Ë»Ð�Á1ÉP¾E	©Ò	éöÌMÄ�Ê � ��äBA�	jÉ]Ë»Ã ß Ä�Ë�¸/½¿¼ ã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã p�p
ÓNëFp ·vÃ»½�µ5Á�ÊÀÁ�Ë»Ð$Á1ÉP¾E	©Ò	éSÌMÄ�Ê � ��ä,A>	zÉ]Ë»Ã ß Ä�Ë¥¸/½Ñ¼ ã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã p��
ÓNëF� 	ZÎXÈ»½¿Ð�É]Ø[¸\ëF¶�¾ÅÊÂÉY¹ÀÁ$Ð$¾ÂÄ]ÊÀÎ�Ð�Ä]¼!È¥ÉPÊÅ½ÑÏÀÄ�Ë³ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã � Õ
ÓNë%� Õ 	ZÎXÈ»½¿Ð�É]Ø(ó	ë1¸�¾ÅÊÂÉY¹ÀÁ$Ð$¾ÅÄ�ÊÀÎ�Ð$Ä�¼�È¥É]ÊÅ½¿ÏÅÄ�Ë ã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã �8�
ÓNë%�`�º	3ÉP½ÑØ»¸\ëF¶ ¾ÂÊÅÉY¹ÀÁ�Ð�¾ÂÄ�ÊrÎ�Ð�Ä]¼!È¥ÉPÊÅ½ÑÏÀÄ�Ë ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã � �
ÓNë%� � 	3ÉP½ÑØuó	ë1¸�¾ÅÊÂÉY¹ÀÁ$Ð$¾ÅÄ�ÊÀÎ�Ð$Ä�¼�È¥É]ÊÅ½¿ÏÅÄ�Ë ã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã ��ù
ÓNë%��ùP��Ë»Á�ÊÀÝ]Î�Ã»½nµmÁ$ÊÅÁ�Ë`Ð�ÁµÉP¾E	©Ò	éöÌMÄ]Ê�Ã»½�µ5Á�ÊÀÁ�ËE¾@É]ØÑÝ�Ä]ÊÅ½¿¾ÅÆ»¼�Ï ã1ã1ãµã1ãeãµã1ãµã1ã1ã � Ö
ÓNë%� Ö ¶�Ã`½�µ5Á�ÊÅÁ$Ë»Ð�Á1ÉP¾E	©Ò	éöÌMÄ�Ê�Ã»½nµmÁ$ÊÅÁ�ËE¾@É]Ø¿Ý�Ä�ÊÅ½Ú¾ÂÆ»¼�Ï ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã �EÓ
ÓNë%�\ÓP·vÃ»½�µ5Á�ÊÀÁ�Ë»Ð$Á1ÉP¾E	©Ò	éSÌMÄ�Ê�Ã`½�µ5Á�ÊÅÁ$ËE¾�ÉPØÑÝ�Ä�ÊÀ½¿¾ÅÆ»¼!Ï ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã ���
�wë%� 	©Ò	éîÉPÐ�Ð�Á$È`¾êÉPË»Ð�Áµãµãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã ��p
�wë � 	©Ò	éîÉPÐ�Ð�Á$È`¾êÉPË»Ð�ÁµÍ�Ç	éSÃ`Á�È=Á�Ë»Ã»Á$Ë»Ð�ÁVãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã ���
�wë-ù 	©Ò	éîÉPÐ�Ð�Á$È`¾êÉPË»Ð�Á1ð�½ÑË»Á$¼7ÉP¾Å½ÑÐB¼�ÄXÃ»Á�ØuÃ`Á�È=Á�Ë»Ã»Á$Ë»Ð�Á ã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã¤� Õ]Õ
�wë Ö &	½ÑË»Á$¼7ÉP¾Å½ÑÐ$ÏÜÄ]Ì]�¼� �PÕ�Õ�� Á�� ß Ä]Ë»Ä�È=Ä�ØÑÁ$Ïbãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã¤� Õ �
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ä�ãn�\ù
	©Ò,	E@>"F/�è Õ Ð$Ä�Ë»Ë»Á$Ð$¾ÅÄ�Ê�Ä�¹`¾ÂÈ`¹`¾©ÐêÆ¥É]Ë»Ë»Á$Ø(¼7É]È`È»½ÑË»Ý�ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã¤�NÓ]Ó
ä�ãn� Ö 	©Ò,	E@>"F/�èB�µÐ$Ä�Ë»Ë»Á$Ð$¾ÅÄ�Ê�Ä�¹`¾ÂÈ`¹`¾©ÐêÆ¥É]Ë»Ë»Á$Ø(¼7É]È`È»½ÑË»Ý�ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã¤�NÓ �

�NÓ



ä�ãn�NÓ,	©Ò,	E@>"F/�� ß �^ÊÅÁ�Ý]½ÑÏÀ¾ÅÁ�ÊÀÏ­ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã¤�NÓ �
ä�ãn�W�,Æ,	E@©ÍoÐ�ÊÅÉ]Ðêð�º»½Ú¾ÂÏ ãeã1ãµã1ãµã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã¤�NÓ]û
ä�ãn�Nû ß ¹»Ä�Ë ß ÉP¾ÅÐêÆ�º5ÄxC'´�"-Í^º»½¿¾ÅÏ ã1ã1ãµã1ãµã1ãeãµã1ã1ãµã1ãµã1ã1ãµã1ãeãµã1ãµã1ã1ã¤�NÓ]û

�W�



G Ë Ã#Ì KML ± Í

Î IJK ± HÈÏ ° Ð K « HJI

	�Æ»Á�Á²C`½¿ÏÀ¾ÅÁ�Ë»Ð$Á@Ä]Ì=¼!É]Ý�Ë»Á�¾Â½¿Ð�¼�Ä�Ë»Ä�È=Ä�ØÑÁ$ÏHæ8Ä�¹»Ø¿Ã!ÉPÃ»Ã ÏÀÎX¼�¼!Á�¾ÂÊÀÎµ¾ÂÄ ß ÉYC/æ8Á�Ø¿ØÑ$ Ï�Á�Û�¹¥ÉP¾Å½ÑÄ�Ë`Ï>ÒÓ��Ô
æ�½¿¾ÅÆ»Ä�¹`¾©º»ÊÀÁ�É]ð�½¿Ë»Ý7ÉPË�Î�ð�Ë»Ä\æ�ËVÈ»ÆEÎ/ÏÀ½ÑÐ�É]ØHØÑÉ�æeã ß Ä]ÊÅÁeÃ»ÊÂÉP¼7ÉP¾Å½ÑÐ�É]ØÑØÚÎ�ÔX½¿¾�æ�Ä]¹»ØÑÃç¼7ÉPð]ÁeÐêÆ¥É]ÊÀÝ�Á
Û�¹¥É]ËE¾Â½¿á�ÉP¾Å½ÑÄ�Ë^É"Ð$Ä�Ë»ÏÀÁ�Û�¹»Á�Ë`Ð�ÁpÄ]ÌeÉPË»Ý�¹»ØÑÉ]Êà¼!Ä�¼�Á�ËE¾Å¹»¼ Û�¹¥É]ËE¾Â½¿á�ÉP¾Å½ÑÄ�ËmÔ�É]ÏàÙ¥ÊÅÏr¾bÏÅÆ`ÄNæ�Ëoº�Î
ÇB½ÑÊÅÉ]Ð�Ò � Ôiã:÷�½¿¾ÂÆ�ÏÀ¹»ÐêÆ�É]È`È5Á�É]ØhÔ/¼!Ä�Ë`Ä�È5Ä]ØÑÁ�Ï�Ð�Ä�ËE¾Â½¿Ë�¹»Á	¾ÂÄàÁDC/Ð�½Ú¾ÂÁe½ÑËE¾ÅÁ�ÊÅÁ$ÏÀ¾@É]Ë»Ã�Ë»Á�æ°ÏÅÁ�É]ÊÅÐêÆ`Á�Ï
Ã»Á$ÏÅÈ»½Ú¾ÂÁ	¾ÂÆ»Á$½ÑÊ�Á$ØÑ¹»ÏÀ½¿â�Á$Ë»Á�ÏÀÏ@¾ÅÄ�Ã»ÉP¾ÂÁPã

� ÊÅÉ]Ë»Ã�¹»Ë`½¿Ù¥Á$Ã�¾ÅÆ»Á�Ä]ÊÅ½ÑÁ$ÏÜÈ»ÊÀÁ�Ã»½¿Ð$¾�¼�Ä�Ë»Ä�È=Ä�ØÑÁ©¼!É]ÏÅÏÀÁ�Ï�Ä]ÌHÉ]º=Ä�¹`¾
� Õ þ�Õ 	HÁ��àÔ»ÏÅÄ�¾ÅÆ»Á�ÊÀÁ1Æ»É\â]Á
º=Á�Á�Ë1ÁDCX¾ÅÁ�Ë»ÏÀ½¿â�Á8ÏÅÁ�É]ÊÅÐêÆ»Á$ÏHÌMÄ�ÊaÆ`½ÑÝ�Æ/ëk¼7ÉPÏÅÏu¼�Ä�Ë»Ä�È=Ä�Ø¿Á�ÏuÈ»ÊÀÄ/Ã`¹»Ð�Á$Ã�ºEÎ	Ð�Ä]ÏÅ¼�½ÑÐ�ÊÂÉ�ÎXÏ�Ò ù Ôiã_"AË»Ã»½ÑÊÀÁ�Ð�¾
ÏÅÁ�É]ÊÅÐêÆ`Á�Ï8ÌMÄ]ÊZØ¿Ä\æÜëA¼!É]ÏÅÏ�¼�Ä�Ë»Ä�È=Ä�Ø¿Á�Ï:Æ¥É�â]Á�ØÑÄXÄ�ðPÁ�Ã ÌMÄ�Ê�¾ÂÆ»Á�ÁDµmÁ$Ð$¾ÂÏZÄ]Ì5â/½¿ÊÀ¾Å¹¥É]Ø»¼�Ä�Ë»Ä�È=Ä�Ø¿ÁWÖ]É]ËE¾Å½Úë
¼�Ä�Ë»Ä�È=Ä�ØÑÁ Ø¿Ä/Ä]È»Ï1É]Ã»Ã»Á$Ã ¾ÂÄºo+��Ç é�Á�ÎXË»¼7ÉPË Ã»½ÑÉ]Ý�ÊÂÉP¼!Ï.Ò Ö ÔiãVÇBÁ�¾ÂÁ$Ð$¾ÂÄ]Êµ¼!ÉP¾ÂÁ$ÊÅ½ÑÉ]ØÑÏBÁ²C/È5Ä�ÏÀÁ�Ã
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Channels

Channels

Channels

Channels
4−7

8−11

12−15

16−19

J2/P2

Output
Trigger 

J1/P1

J3/P3

4−7

8−11

0−3

12−15

16−19

0
1
2
3
...

16
17
18
19

Channels
0−3

VME 

L1 Pipeline, L2 Buffers,
Trigger Logic

L1 Pipeline, L2 Buffers,
Trigger Logic

L1 Pipeline, L2 Buffers,
Trigger Logic

L1 Pipeline, L2 Buffers,
Trigger Logic

L1 Pipeline, L2 Buffers,
Trigger Logic

Analog Front End Modules

C
D

F
 s

pe
ci

fic
V

M
E

T
O

F
 T

ra
ns

iti
on

 C
ar

d 
(T

O
M

A
IN

)

Cafe − charge
Decaf − time
Cafe − charge
Decaf − time

Cafe − charge
Decaf − time

unused
unused

v RmZ aLXWT�|x}�~G�9���L]m_G�e���W�egoTu��dxc R �^_��LcWgLT^k��=v������ZYN����k�gLT^�����\Y���gfd�����d�i����rT�dxcWaLXWT\�
iL_�cjT\�W�5Tui�c R d�]AcY_�cYgLT=cWX RUZ�Z TuX\�ohjg R �egwgfd��[T��;TuTuiw_[� R c5cYTu�s�rX5_[��cWg R �j� R d Z XWd����

�� 



R iL¡LaGc _[aocW¡Laoc
¢3£�¤�¥ ¢�£�¤N~ ��£�¤�¥ ��£�¤�~ ¢3£�¤ ��£�¤
¦ ¦ ¦ ¦ ¦ ¦
¦ ¦ ¦ ¥ ¦ ¥
¦ ¦ ¥ ¦ ¦ ¥
¦ ¦ ¥ ¥ ¦ ¥
¦ ¥ ¦ ¥ ¥ ¥
¦ ¥ ¥ ¥ ¥ ¥
¥ ¦ ¥ ¦ ¥ ¥
¥ ¦ ¥ ¥ ¥ ¥
¥ ¥ ¥ ¥ ¥ ¥

k�d��L]UT�|L�m¥���k�gLT=k��=v§�����\Y���cYX RUZ[Z TuXq]m_G_��`ao¡sced��L]mT R ��d*]U_ Z�R ��dx] P�Q �o£lc R � R ��¡;_[�W� R �L]mT�cW_
gfd��[T¨¢3£�¤©_[i�dxiL����£�¤ª_�«��

cYgoXWTu�5gL_[]m�L��¡;TuX3v�¤�¬��¨�Lhjg R �eg�iLTuT\��cY_��­T�T�d�� R ]®�S�WT¯c�cYgoXW_[a Z g�cYgoT�°=�\Y R i�cYT\X5�±d��\T���k�g R �
hqd��Vd��u�\_[��¡o] R �5gLTu�²���³�\_x}z_[¡Gc R i Z cWgLTSaL�5afd�]j¡­T\�LTu�?ced�]�X5T Z[R �5cWTuX��r_[X�T�dx�eg´cWX RUZ�Z TuX�vµ¤N¬=�p�
cYgoT=¡­T\�LTu�?ced�]AX5T Z[R �5cYT\X^°��\Y©d��L�LX5Tu�5�WTu��d�XWT�] R �?cYT\� R iSk�d��L]UT=�¨�¶~`��k�gLT�iLT\h
cYX RmZ[Z T\X^v�¤�¬=�
��T\Tu¡L�Nd=�5cYd��e�*_�� � XWT Z[R �?cYTuX5��· R i�cYT\XW¡LX5T\cYT\�Vd����r_[aLX�cWgLXWT\�WgL_[]m�L�Cd�iL��cWgLT�¡­T\�LTu�?ced�]¸·¹¡Lao�Wg R i Z
d=��dx]UaLT R iV�rX5_[�ºcYgoT�X RUZ g�cCh R cWg�T�d��egVhjX R cWT�cY_�cYgLT�¡­T\�LTu�?ced�];d��o�LXWT\�W�u��k�goT3k��=vn�����\Y��
�LX R �[T\X��VTuXWT\]m��hjX R cYTu��cYgLT^cWgLXWT\�WgL_[]m�L�µcW_�cYgLT^�Wd��VT�d��L�LX5Tu�5� R i*_[X5�LTuX\�µ»{Tq�egL_G_��WT^cY_�dx�L�W_[X5�
cYgoT�¡;Tu�oTu�5cYd�] R i�cY_*cWgLT=cYgLX5Tu�5gL_[]U��d�iL�w�WT¯cjcYgLT�¡;Tu�LT\�5cedx]¼X5T Z[R �5cWTuX^cY_�½\TuXW_o�

13254�2z¾ ¿³:�@C<=<�7¼BsÀjÁ§@CJ=Jp79HfF

k�gLTNk���vÂ� RmZ ifd�]��ud��L]mTu� Z XW_[ao¡pk��=v��5� R i�c R ]U]UdxcY_�XW� R i�cWgLXWT\Tu�u�[d�iL��cYgLTN�Yd��VTC��d��L]mTu��d�XWT�aL�5Tu�
_[i�cYgLT�T�d��?c�d�iL��hqT\�5c�� R �LTV_��^cWgLTy�oT\cYT\�\cW_[Xu�¼hjg R �eg R i�cYXW_`�LaL�\Tu�pd�i{aLi R i�cYT\iL�LTu�³�egLd�iLiLT\]
�5hqd�¡Ã_�i�cYgLT�T�dx�5c�� R �LT¨_���cWgLT*Ä^�=v´�LT\cWTu�¯cY_[X\�Åd�� R ]m]UaL�?cYXYdtcYTu� R i�v RmZ |x}   ��k¼_y�u_�XWXWT\�\c3cYg R �
¡LX5_[�L]UT\���thqTq¡LXW_`�LaL�\Tu�*�[T\X5�p�W��d�]U]GÆt}z¡ R i¨cW_=Æt}l¡ R ipd��fd�¡ocWTuX\�[��d�]m]UT\�p�egfd�ioiLTu]L�?h^dx¡L¡­T\XW�\�GdxiL�
R io�5cedx]U]UT\��cYgoTu���;T\czhNTuT\i�cWgLT�� RmZ ifd�]��ud��L]mTu��d�iL�ÃcWgLT�k�������£�ÇÈ�;_�d�XW�o�u�*ÉNTu��dxaL�WT�cYg R � R �
¡fd�X?c^_���cYgLT�� RUZ iLd�]I¡fdxcYg��GhNT�cY_`_[� Z XWTudxcN��d�X5T�cY_¨�egLTu�e�ycWgfdxcNcYgLT�d��fd�¡ocWTuX5�^�L_*iL_xcq�LT Z XYdx�LT
cYgoT�� RUZ ifd�]Ê�¼£lc R ��d��*aL� R i Z cWgfdxc�cWgLT�k��=vÃ��d��L]mT^]UT\i Z cWg���d�] R �LXWdxc R _[ip�VT�d��5aLXWT\��d��5�`�5cWTu��dxc R �
c R � R i Z � R «�T\XWT\iL�uT�_��µd��rT¯hË�\Tui�c R ��T¯cYTuX5�j�­T¯czhqT\Tui�cWgLT�T�d��?c�dxiL�ShqT\�5c��

� |



HIP 2 MIP 2

HIP 3 MIP 3

HIP 4 MIP 4

HIP 0  MIP 0

HIP 1  MIP 1

ADMEM
15   of TOF Bars

FPGA

FPGA

FPGA

FPGA

FPGA

PMT

HIP 2 MIP 2

HIP 3 MIP 3

HIP 4 MIP 4

HIP 0  MIP 0

HIP 1  MIP 1

ADMEM
15   of TOF Bars

FPGA

FPGA

FPGA

FPGA

FPGA

PMT

v RmZ aLXWT¨|x}   ��k�gLT�k��=v�� RmZ ifd�]¼��d��o]UTu� Z XW_[ao¡Ãk��=vª�W� R i�c R ]m]ÌdxcW_[XW� R i�cYgLX5TuT\�u�Ad�io�ÃcYgLT*�Wd��VT
��dx�L]UT\��d�X5T¨ao�WTu�,_�i�cYgoT¨Tud��5c�d�iL��hNTu�?c�� R �LT�_���cWgLT¨�oT\cYT\�\cW_[Xu�;hjg R �eg R i�cYX5_G�Lao�uTu��d�i�aoi R iG}cYT\iL�LT\���egfd�ioiLTu]9�5hqd�¡w_[iÂcYgLT�T�dx�5c�� R �LT�_���cWgLT¨Ä^�=v³�LT\cWTu�\cW_[Xu�

�[�



13254�2lÍ À�MNÎYK�Á§@�Hf7
£zi²_[XW�oTuX*cY_,¡oXW_[¡;TuX5]m�§�\_[ioÏ Z aLXWTscWgLTSk��=v/������Ð������r_[XpcWgLTÂk���vEcWX RmZ[Z TuX\��cYgLTÂvfX5_[i�c
Ð�iL��Ñ�Tud��L_[aocpÒ±v�ÐCÑ�Ó^�u_`�LT=hqd��j�W] RmZ g�cY]®�s�V_G� R ÏfTu����ÐCd��eg��\XYdxcWT�X5T�d��o��cWgLT�¢3£�¤ªd�io�Ã��£�¤
��dx] R �oXYdxc R _[is�\_[iL�?ced�i�cY�j�rXW_��"d*Ïf]UT=]m_G�udxcYT\�wdxc
Ô`ÕtÖ`×LÔ`Õ�ØxÖoÙbÚoÕ�Ø Û`Û;ØÝÜIÔ`ÕxÖb×LØÝÜIÞoß�ÜfÙGÔxàfØ�×LÔxàGáIßÝâ`âoÙ[áLÔGÕbØÝÜG×;ßtâLÔ[ãbÖ�ÛfÙtÛ
_[incYgLT�_[io] R ioT��u]Uao�5cYT\Xu��Ð��[Tui�cWafd�]U]®�[�9cYgLT\�WT�h R ]m]��­T�X5T�d��n�rXW_[�äcYgLT���dx] R �oXYdxc R _[iÃ�Ldxced��Ld��WTx�
�LaocNcYg R �NgLd��qiL_xcN��T\c^�;TuT\i R �V¡L]UT\��T\i�cYTu����ÐCd��egs�egfdxiLiLTu]æåç��cYX RUZ[Z T\X�cWgLXWT\�WgL_�]U�L� R �C_[�ocYd R iLT\�
�rXW_���cYgoT�cWX RmZ[Z TuX^cYd��L]mT Z ]U_[�Ld�]­cWgLXWT\�WgL_[]m�wd��u�

è=é�êìë�éLí û éLî^è�ï?ðòñlóõô5ð±ö

k�gLT\�WT{cWgLXWT\�WgL_[]m�L��d�XWTncYgLT\iË�WT\i�c�cY_²cYgoT��\_[XWX5Tu�W¡;_[iL� R i Z ������Ð�� v�¤�¬=�÷d���dx]UXWTud��o�
� R �W�uao�W�WT\�Å�/�^cS¡LX5Tu�WT\i�c��jhqT RmZ iL_[X5T è=ï?ðçñlóõô?ð �b���WT¯cWc R i Z û é cY_§½\TuX5_L��dxiL�ªaL�5T ë3é cW_§�WT¯c
cYgoTy¢�£�¤�dxiL�³��£�¤ËcWgLXWT\�WgL_[]m�L�yÒrcYgoTuXWTyd�XWTV�WT\¡fd�XWdxcYTV��d�] R �LXWdxc R _[in�u_[io�5cedxibcW�¨�r_[X�¢�£�¤�dxiL�
��£�¤¼�¶Ó�k�g R � R ���;Tu��dxaL�WT R c R �=�*aL�eg�T�d�� R T\X�cY_Â�egfd�i Z T�dS�ud�] R �LXYdxc R _[i�ced��L]mTpcYgoTui�dScWX RmZ[Z TuX
cedx�L]UTx�

vf_[XA�yd R i�cYT\ifd�iL�\T�� cYgLTC������Ð��ø�VTuiba��LX R �[Tui�cY_`_[]9ùWú R T\cWTu�5cWû�h^d��9�V_G� R ÏfT\��cY_ R iL�\]UaL�LT
�rT�dtcYaLX5Tu�CiLTuT\�LTu�V�r_[X�cYgoT�k��=v,������ÐN�w�u��£zi�cYgLT�üAT\��Tu]9¥�cYX RUZ[Z T\X��VTuibaÅ�b�WgL_ hji R iVv RmZ aLXWT
|x}l|L��dViLT\h�������Ð��÷cz�`¡­Tx��¥ ¦ �;�u_[X5XWT\�W¡;_[iL�L��cW_sk��=v©������Ð����u��»¹goTuiÃcYg R ��������Ð��
cz�`¡­T R ���WTu]mTu�¯cYTu���q�egL_`_[� R i Z _[¡oc R _[i   �ud�aL�WT\�VcWgLTÂk��=výÏLXW�phqd�XWTScW_,�­TÂ�L_ hjiL]m_�d��LT\�²cW_
cYgoT*ü�¥Ýþ�ü¼~[þtcWX RmZ[Z TuXjvµ¤N¬=���\�3ÄqgL_G_�� R i Z _[¡oc R _[i�|y�ud�aL�WT\��k�d��L]UT�|L�®¥¨cW_y�;T¨hjX R cWcWTui�cW_ycYgoT
cYX RUZ[Z TuX^]m_G_[�[}laL¡Sced��L]mT��

��aLX R i Z cYgLT��u_[�V� R �W� R _[i R i Z �[d��L� R c R _�ifd�]L������Ð��ä�LX R �[T\XN�\_G�LTjhqd��NhjX R cWcWTuiVcY_�Ïf]U]fcYgoT
������ÐN�w��� R d Z io_[�5c R �q�oao«�T\X�h R cWg�dxib�p�LTu� R X5Tu��¡fdxc5cYTuX5iÅ�C��iLT�¡fdxX5c R �uaL]Ud�XW]®��aL�WT¯�raL]f¡fdxc5cYTuX5i
_[aocW¡LaocW�=d�]U]¼_[iLT\��_[i�cWgLT�É ¦ T¯�[T\ibc�dxiL�,½uT\XW_[��_xcYgLT\X5h R �5T��=k�g R ��hqd���Tu�5�WT\ibc R d�]��r_[X3c R � R i Z
R iScWgLT�cWX RmZ[Z TuX\��k�gLTuX5T R ��d��L� R c R _�ifd�]��\_G�oT��r_�X��oaL��¡ R i Z cWgLTpü¼~��Lao«­TuX5�u�I�u_[]m�Â�5cedxX5c R i Z �L_�X
¡LX R i�c R i Z cYgLTj�uaoXWXWT\i�c^�u_�ioÏ Z aLXWdxc R _[iÅ�bd�]m]o�rXW_��ºcYgLT��u_�����d�iL��] R iLT�����]m]ocYgLT��u_`�LT R �C]m_G�udxcYT\�
_[iScYgoT�_�iL] R iLT=�ydx�eg R iLT\� R iScYgoT�� R XWT\�\cW_[X5�
Ô`ÕtÖ`×LÔ`Õ�ØxÖoÙbÚoÕ�Ø Û`Û;ØÝÜIÔ`ÕxÖb×LØÝÜIÞoß�ÜfÙGÔxàfØ�×LÔxàGáIßÝâ`âoÙ[áLÔGÕbØxÖGÙoÔ�ã[Ö�Û;ÙtÛ �
£lc R ��Tu�5�WT\ibc R d�]�cW_�gfd���T��u_�����d�iL�²] R iLTS�u_`�LTScY_��egLT\�e�²hjgLdxc R � Z _ R i Z _[i R i©X5T�d�]^c R �VT��

��ÿ
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v RUZ aLX5T=|x}z|o��k�gLT¨ü9T¯�[T\]�¥=cWX RUZ�Z TuX^�VTuibaÂ�rXW_[� cYgLT�������Ð��÷aoc R ] R cz�V¡LXW_ Z XYd���ú R T\cYT\�5cu�

��N



ADMEM Side

Ground

Patch Panel TOTRIB Side

Not 
Terminated20 pin SCSI plug

Ground

10 bundles of 4 wires

Amphenol 40 contact twist ’N’ flat, round−to−flat shielded cable

40 pin IDC plug w/ Flanges (T&B) 40 pin IDC socket (Berg)
Ground

v RmZ aLXWT�|x} � �µk�gLT�k���vncYX RUZ[Z T\XN�ud��L]mTu�^dxXWT��oX R ��TuiSdtcNcWgLT�������Ð���� R �oT����w¥ ¦ �u_�iLiLTu�¯cY_[X5�
�WgLd�XWT\�s���VczhN_*������Ð����u�Ck¼_*d��[_ R � Z X5_[aLiL��]U_`_[¡L�\�bcWgLT��ud��L]mT3�5g R T\]U� R ���u_[iLioTu�\cWTu�scW_¨cYgoT
gL_[ao� R i Z _���_�iL]m�Â_[ioTp_���cWgLT¨cWTuiÃ�\_[iLiLT\�\cW_[XW�\���^c�cWgLTp¡LdxcY�egÃ¡Ld�iLTu]æ�fcYgLT¨�yd��5�3cWTuXW� R iLdxcYT\���dx�L]UT R �p�\_[iLiLT\�\cWTu�§cY_Ãd�i§_[aoc Z _ R i Z k���kjÑj£�É � R �oTy��dx�L]UTx�ÃÐCd��eg³k���kjÑ�£�ÉÈdx�u�uT\¡ocY��� RPOcYX RUZ[Z TuX^�ud��L]UT\�u�

_�cWgLTuX?h R �WT3_[iLT�hN_[aL]m�ygfd���T�cY_¨hqd R cq�r_[XNdpXWaoiycY_�Ïfi R �5gSd�iL�y�fdxced�cY_p�;Tu�\_[�VT�d��xd R ]Ud��L]UT^�r_�X
T�dx�egwcWTu�5cu�

�RQTS UWVYX[Z\Z^]_Va`�(cbedf]=0ä(p),+ gE(ih'jlk gË(p)R]_d

k�gLT�������ÐN�w��d�X5T�]U_`��dxcWTu� R iÂ�\XYdxcWTu�j��_�aLi�cYTu�w_[iScYgoT�Tud��5c3d�io�whNTu�?c3� R �LT\�j_���cWgLT¨Ä^�=v
�LT¯cYTu�¯cY_[X\��hjg R ]UT�cYgLTNk���kjÑ�£�Éq��d�XWT�]U_`��dxcWTu� R i¨cWgLTNÏLXW�5cKmf_`_[X¼�u_[aLi�c R i Z XW_`_[����ÉqT\��d�aL�5TqcYgoT
k��=v�cYX RUZ[Z TuXCh^d��qd��L�LT\�Âdx�õcYT\XNcWgLT=Ä^�=v��LT\cWTu�\cW_[Xqhqd��^�V_ �[Tu� R i�cY_¨cWgLT��\_[]U] R � R _[i�gfd�]m]Ê��cYgoT
aL�5afd�]`��_ �xd��L]mTN�ud��L]UTCcYXWd���n�hjg R �eg�d�]m]U_ hj�9��d��o]UTu�¼cY_3XWTu��d R i*dxc5ced��egLT\�pcY_�cYgLTN�LT\cWTu�¯cY_[Xµhjg R ]UT
R c¨�V_Ý��Tu� R i§d�io�§_[aocp_���cYgLT��u_[]m] R � R _�i�gLd�]U]¸· hqd��¨io_�c�d��\�uT\�W� R �L]UTx�Ã£ziL�?cYT�dx�Å��hqT R iL�?ced�]m]UTu�
d�¡LdxcY�egª¡Ld�iLTu] R i´cWgLT�cW_[¡�iL_�X5cYg´hqT\�5cS�\_[XWioTuXV_���cYgoT��LT¯cYT\�\cY_�Xu�
Ä^d��L]mTu�VXWaLi��rX5_[� cYgoT
������ÐN�w�*d�]m_[i Z cYgoT��LT¯cYT\�\cY_�X�cW_wcWgLT�¡LdxcY�eg�¡fd�iLT\]Ê�9cYgLT\i��rXW_���cYgLTV¡fdxcW�eg{¡fdxiLTu]�cY_ÂcYgoT
�uT R ] R i Z dxiL�ÂaL¡ScY_�cYgLT�ÏLXW�5comf_`_[X^�\_[aLi�c R i Z XW_`_[�w��»¹gLT\iwcWgLT��LT\cWTu�\cW_[X��V_Ý��Tu�\�LcYgLT���dx�L]UT\�
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h R ]m]�gfd���T�cW_V�;T��LT\cYd��egLT\�ÃdxcjcYgoT�¡LdxcY�egw¡fd�iLT\]Ê�
ÐCd��eg�_x��cWgLT*ÏL��T�cWX RmZ[Z TuX�v�¤�¬��3�=_[i,cYgLT�������Ð�� gfd���ds�WT\¡fd�XWdxcYT�_[aocW¡Laocu�A�Laoc=cYgoT

k��=v¹cWX RmZ[Z TuX�aL�WT\�¨_[io]m��czhN_��egLd�iLiLT\]U�=�rXW_[�äT�d��eg�_[aocW¡Laoc��Vvf_[X�cWg R �=X5T�d��5_[iÅ�9hqT��LT\� R �oTu�
cY_�aL�5T�_[ioTÂcWX RmZ[Z TuX��ud��L]mTÂ�r_�XVT¯�[T\X5�²czhq_�������Ð����\�ªÐCd��eg©��d��L]mTÂgfd��w¥ ¦ ~ ¦ }z¡ R irqLÄsqG£
�u_�iLiLTu�¯cY_[X5�¨_�i�cWgLT�������Ð�� � R �LTx�9�Laoc�_[iL]®�,|Â¡ R iL�=�rX5_[��Tud��eg{�\_[iLiLT\�\cY_�X R �=�u_[iLioTu�\cWTu�
cY_ncYgoT���dx�L]UTx�^d�� R ]m]UaL�?cYXYdtcYTu� R i�v RmZ �´|x} � ��k�gLTu�5TÃd�X5T��\_[iLiLT\�\cYT\��cY_{d�i´���V¡LgLTuio_[]j| ¦
�u_�ibcYd��\cqczh R �5c?}ziG},mIdxc�X5_[aLiL�`}lcY_t}$mIdxcN��dx�L]UTx���=iscWgLT�_�cWgLTuXq� R �oT��fd*| ¦ ¡ R iSÉNTuX Z £���Äª¡L]ma Z*R �
¡;TuXW��d�iLT\i�cY]m� R iL�5cYd�]U]mTu� R i�cWgLT*¡fdtcY�eg,¡fd�ioTu]¼aL� R i Z cYgoTp�La R ]mc R itmId�i Z T\�u��k�goT*��d��o]UTu��cYgfdtc
XWaoi²�rX5_[�&cYgLTS¡fdtcY�egG}l¡fd�iLT\]^cY_ÃcYgoTSk��=kjÑj£�ÉøaL�WTScYgoTS�Yd��VTs��dx�L]UTscWTuXW� R iLdxcYT\�§���²ÉqTuX Z
£���Äì�5_G�e�xT\cW�3_[iw�;_�cYgÂ� R �LTu�\�

ADMEM TOTRIB

Patch Panel

v RmZ aLXWT�|x} ÿ ��k�gLT*k��=v©cWX RUZ�Z TuX���d��o]UT��Wg R Tu]U� R � Z XW_[aoiL�LTu�ndtc�cYgoTp������ÐN�-� R �LTsÒ±�LX R � R i ZTuio�IÓ¯��k�goT*�Wg R Tu]m�Ã_��C�u_�XWXWT\�W¡;_[iL� R i Z �ud��L]UT\�=d�X5Tp�u_�iLiLTu�¯cYT\��dtc�cYgoTp¡fdxcW�eg,¡fd�iLT\]µ�LaGc=��T\¡oc
R �5_[]ÌdtcYTu�s�rX5_[��_xcYgLT\X�¡Ld R X5�u���^cjcYgLT�X5Tu�uT R � R i Z T\iL�Å�LcWgLT��Wg R Tu]U� R ���u_[iLioTu�\cWTu�wcY_ Z XW_�aLiL�w�b�
d�XWT\� R �?cY_[X�d�io�w�ud�¡fd�� R cW_[Xu�L_�X�]mT\�õc R �W_[]UdxcYT\�Å�

k�_�¡oXWT\��Tui�c Z X5_[aLiL�s]m_G_�¡L�u�bcYgLT��Wg R Tu]U�y_��AcYgLT���d��L]mT R � Z X5_[aLiL�LT\�scY_pcWgLT3ÏLXW�5c^������Ð��
_[iL]®�[�S�^c�cYgLT�¡fdxcW�eg{¡fd�ioTu]CcYgLT��Wg R Tu]U��_���Tud��eg R iL�u_[� R i Z h R XWT R ���u_�iLiLTu�¯cYT\�§cY_�cWgLTV�u_[X�}
XWT\�W¡;_[iL� R i Z _[aGc Z _ R i Z �Wg R Tu]U���­�LaGc R �5_[]ÌdtcYTu�w�rXW_[��_�cWgLTuX3¡fd R XW�u���^c�cWgLT*X5Tu�uT R � R i Z Tuio�Å��cYgoT
k���kjÑ�£�É R �5_[]ÌdtcYTu��cWgLT��Wg R Tu]m�,�rXW_[�äT�d��eg�_��NcWgLT�� RuOnR io¡Laoc���dx�L]UT\�u�*»�TVgLd ��TV�r_�aLiL�,cYgfdtc
cYgoT�iL_ R �5T�üAT\��Tu] R ��]U_ h/h R cYgÃcWgLT��Wg R Tu]m�,]UT¯�õcvmf_�dtc R i Z _[iÃcYgLT�X5Tu�\T R � R i Z TuiL���A�Laoc R �Cio_ R �5T
�;Tu�u_���T\��dp¡LX5_[�L]UT\���bcYgoTuXWT R �q�5¡fd��\T=_[iycYgoT�k���kjÑ�£�É�cW_ R iL�?ced�]m]�d¨XWTu� R �?cY_[Xqd�iL�S��dx¡fd�� R cY_[X
�;T\czhNTuTui�cYgLT���dx�L]UT=�5g R T\]U�wd�iL� Z XW_�aLiL�Å�fdx� R iwv RUZ aoXWT�|x} ÿ �
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k�gLTVk��=vì������Ð����p�egLT\�e�,�r_[X�¡LaL]U�5Tu� R incYgLT�k��=vE¤���k���]ÌdxX Z T\X�cYgfd�i{¢3£�¤ýd�io�§��£�¤
cYgoXWTu�5gL_[]m�L�u�3k�_s¡;TuX?�r_[XW��dx�L� R c R _[iLd�]ÅcYX RUZ[Z T\X3]m_ Z[R ���f�W¡;Tu� R d�]¼¡LaLX5¡­_��WT*k��=v´cWX RmZ[Z TuX��;_�d�XW�o�
Ò±k���kjÑj£�Éq�eÓsdxXWTÃaL�5Tu�Å��k�gLT,k���kjÑj£�É��\_[]U]mTu�¯cY�y�Ldxced{�rX5_[� Tud��5cSd�iL�ªhNTu�5cw������Ð����
d�iL�²�egLT\�e�b���r_[X��\_ R iL� R �LT\iL�uT\��_���¢�£�¤ºd�io�ª��£�¤ g R cW�u�§k�gLTS�raL]m]q�\_ R iL� R �LT\iL�uTÂ�fdtced R ��dtc
d²XWTu�5_[]UaGc R _�i _���d§�rT\h �fd�XW�\���Laocw���¹�u_��*� R i R i Z �*ao]mc R ¡L]UT��egfd�iLiLT\]U�\���u_ R iL� R �LTuio�uTu��d�X5T
��dx]U�uao]ÌdxcWTu�Ãdtc��u_[d�XW�5TuX��5��d�]mTu���r_�X�üAT\��Tu]^¥¨cYXYdx�e�w��dxcW�eg R i Z d�iL��cWgLT*k��=v��\_[�W� R ��cYX RUZ[Z T\Xu�
k�gLT�k���kjÑ�£�Éìd�]U�5_��WaL�V�^cYgLT�ibaL�*�;TuXj_�����£�¤��\_ R iL� R �LT\iL�uT\�u�

132lÍ�254 6�798;:=<=>?8A@CB�DE79FG8AHI>5J3KL>?MN<
k�gLT�k���kjÑ�£�É R �wd©Æ
}&� R i Z ]UTÃh R �oTn°=��Ð"�;_�d�XW���=d�� R ]m]UaL�?cYXYdtcYTu� R i
v RUZ �ø|x} N ��üA_ h
°C_[]®ced Z T�� R «�T\XWTui�c R d�]�q RmZ ifd�] R i Z Òæü�°��~qLÓ��ç~�Æ?� R iL¡Laoc R �Cced��xTuis�rX5_[�È�rXW_[i�cN¡fd�iLT\]��u_�iLiLTu�¯cY_[X5�
Ò±� ¦ }?~`��É ¦ }�~[Ó¨d�io�³XWTu�\T R �[Tu�²_[i§cWgLXWT\TS�u_ R iL� R �LTui�cpaLi R c�v�¤�¬��3�phjgLTuX5TscYgLT�cYX RmZ[Z T\Xp]U_ Z[R �
R ��¡;TuX5�r_�XW�VTu�Å��d��p�5gL_ hji R i�v RmZ aLXWTV|x} p �SÐCd��eg³v�¤�¬=��¡;TuX?�r_[XW�V�¨dw� R czh R �5Ty��Ç3��_[i R cW�
�u_�XWXWT\�W¡;_[iL� R i Z T�d��?cNd�iL��hqT\�5cN�fdxced�cW_�_��oced R i�cYgLTj�u_ R iL� R �LT\iL�uTj�fdxcYdo��Äq_[d�XW�5TuX Z XYdxi`ao]Ìd�X R cz�
�fdxcYd R �N��d�]m�uaL]UdxcYT\�y���s¡;TuX?�r_[XW� R i Z d�¡o¡LXW_[¡oX R dtcYT�� R czh R �5T=�=Ñj�^d��^�oT\ÏfiLT\� R i�q`Tu�\c R _[iy|L�   �   �

k�_���d�]m�uaL]UdxcYT*cWgLT���£�¤ý�WaL�w�9T�d��eg{v�¤�¬��ø�ud�]U�\aL]ÌdxcWTu��dÂ¡fd�X5c R d�]µ�WaL� �r_[X R cY�=�WgLd�XWTV_��
cYgoT=�fdxced�d�io�ÂcWgLT�¡fd�X?c R dx]��Wao���jd�X5T�d��L�LT\��_�iÂcWgLT=�uT\i�cYXYdx]9v�¤�¬��¨�Lk�g R � R �jd��u�\_[�V¡L] R �WgLT\�
aL� R i Z cYgLT��Ydx��TjÏfXW�¨h^d�X5T3_�iyd�]m]LcYgLX5TuT3v�¤�¬��3�N����¡LX5_ � R � R i Z cWgLT3_�aocYT\XCczhN_�v�¤�¬=����h R cWg
]U_ Z[R �ud�] R iL¡oaocp�5aL�V�¨cYgLdxc*dxXWTy¡;TuX5�ydxiLTui�cY]®�n�WT¯c*cY_�½uTuX5_L�wk�gLTs_[aocWTuXpv�¤�¬��3�p�WT\iL�{cWgLT R X
_[aocW¡Laoc��5aL�V�^cY_pcWgLT R iLioTuX�v�¤�¬=�p�bhjg R �egÂ�5TuiL�L� R cY�q_�aocY¡LaGcj�WaL�øcY_*cWgLT��rXW_[i�c�¡Ld�iLTu]�ÒæÉ   Ó
R iwü�°��~q­�

k�gLT3��£�¤{�5aL�Èd�iL���5��dxc5cYTuXC¡fdtcWcYT\XWi�d�XWT��5Tui�cCcY_=cYgoTjÉsqLÄ©¤�X5T�v�Ñ�ÐC�ì�ud�XW���r_[X��\XWT�dtc R i Z
cYgoT���£�¤©�paL]mc R ¡L] R � R cz��d�io�s�u_[�5� R �3cWX RUZ�Z TuX\��ÉqTu�ud�aL�5T�cYg R �^¤�XWTuv�Ñ3ÐC� R �N�WgfdxXWTu�Â�����WT\��TuXWd�]
�5�`�?cYTu�V��d�io�pgfd���] R � R cYTu�=�ud�¡fd�� R cz��cY_3�LTu]Ud�� R iL¡LaGcY�u�tcYgLTNk���kjÑ�£�É{�oTu]Ìd��`��cWgLT��w£�¤n_�aocY¡LaGc
_[i�cYgoT^�rXW_[i�cC¡fd�ioTu]L�rXW_��º_[iLT^cW_�~ ��ÿ �u]m_G�e�¨�\�`�u]mTu�[�`ÏL��Tj�u]U_`�e�p�¯�`�u]UT\� R ��cYgoT��uaLX5XWTui�c��WT¯cWc R i Z �

k�gLT�k���kjÑ�£�Éý�5TuiL�L��cWgLT�¢�£�¤
d�io����£�¤
�\_ R iL� R �LT\iL�uTp�fdxcedVcY_scYgoT���aL_[i,k¼XYdxiL� R c R _�i
Ä^d�X5� R isk¼XYd�io� R �?cY_[X�}zk¼XYd�io� R �?cY_[XqüA_ Z[R �*Ò±k�kjü¼Ó��r_[X5�ydtcNcWgLXW_[a Z gscYgLT��fd��e�b¡L]ÌdxiLT�O   �u_�iLiLTu� }
cY_�Xu�µ£lc R ���5Tui�c�_[i�cYgLTj�u]m_G�e�p�\�`�u]mT R ���VTu� R dxcWTu]m�¨dx�õcWTuX�cWgLT3�Ldxced R ��]UdxcY�egoTu�Å��k¼_�TuiL�5aLXWTjcYgfdtc
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A3
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B1

B2

B3

J3

C0

C1
GB2

GA3

Single Wide

J2

J1

9U

v RmZ aLXWTj|x} N �µk�goT�k���kjÑ�£�É3åç�q�rX5_[i�cq¡Ld�iLTu];gfd��NXW_`_[�º�r_[X ÿ R iL¡LaocN�u_�iLiLTu�¯cY_[X5�=Òr� ¦ �GÉ ¦ �`�p¥[�
É�¥[�C��~Ãd�iL�´É�~[Ó ��TuiL_[a Z g³cY_ngfd�iL�o]UTycWgLTscYX RUZ[Z T\Xp� R cY���5Tui�c����³������Ð������rX5_[�-Æ ¦�� _��
cYgoT��LT\cWTu�\cW_[Xu��k�gLT�~��rXW_�ibc�¡fd�iLT\]�_[aocW¡LaocY�VÒr�   d�io�nÉ   Ó3¡LX5_ � R �LT*cYgoTV��£�¤
_[aGcY¡Laocu�pvf_[X
�raocWaLXWT_mfT OoR � R ] R cz���Ld��L� R c R _[iS�u_�iLiLTu�¯cY_[X5�*ÒæÄ ¦ d�iL��Ä�¥ÝÓ�d�XWT��V_[aLi�cYT\�ÂcW_VcWgLT��­_[d�XW�Â�;Tug R iL�cYgoT��rX5_[i�c5}l¡fd�iLT\]Ê�
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HIP/MIP COINCIDENCES

MIP SUM
PATTERN

MIP/HIP
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J2/P2

J3

L2A, L2B0, L2B1
RECOVER, L1A
CLK, BC, B0, HALT,
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A0/B0

A1/B1

A2/B2

A3/B3
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CDF_CLK
CDF_CLK

(PECL)

CDF_CLK

MTC_CLK
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Latch 
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Programmable
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LATCHED

CLOCK

INPUT

Ë£Ì¸ÍdÎ$Ï°Ð\¥A¦�§Y��©�ÑmÒ$Ð�°nÙÕÓ�°x¸�½$ÒNØ
±}ÐiÌ�±
Ø��ÜÛ}Î�±}Ô¢Ð\�ÝÔ¢Ó�ÐA×7±°ÎSÏ°Ðf±�Ô°ÒNØ)Ô¨�NØ)Ô¢Ø	Ì�±FÙÞØ)ÔH°¨Ò$Ðu�8ÖßÒ$ÌÕÙ¸Ð©Ô¢ÒSÐ
ÌÕ×�½$ÎSÔßÌ�±ÐÃ)Ø�Ù¸ÌU�ðÂ

Ø�×L�©Ô¢Ò$Ð£±°Î7¾àÖßÒ$Ðn×iÔ°Ò$Ð�°AÓ�±H¾uÌ�°ßÔ¢Ï}ÌÕÍdÍdÐAÏ³Ì�±�Î�±°Ðu�ÆÂ�ÑmÒSÌ�±sØ)Ù�±°Ó¦Ø�ÙÕÙ¸ÓgÖo±�Ô°Ò$Ðv°AÓ�±H¾uÌ�°ßÔ¢Ï}ÌÕÍdÍdÐAÏ�Ø)×L�
¾�Î$Ù·Ô¢Ì�½$ÙÕÌ�°nÌ¸ÔÏº�Ô°Ï°Ì¸ÍdÍdÐnÏ�Ô¢Ó\±°ÒNØ�Ï}ÐFØ^½SÏ°Ðf°AÌÕÓdÎ�±£Ò�Ï}Ð�Ë'¬�Ô)ßè³$Ì·Ô¿»NØA±hÌ¸×áÑ£Ø
³SÙÕÐ_¥7Â Í�Â

ÑmÒ$Ð�®m&7ÕY¦âÑ�«'Ë�Ò�Ï°ÐnË'¬�ÔYß�Ì�±³Ø)Ù�±°Ó�ÎS×NØ
³$Ù¸ÐsÔ¢Ó_±°Ð[½NØ�Ï°Ø)Ô¢ÐAÙ�º²±�º�×�°¨Ò$Ï°Ód×SÌ�´nÐmÔ°Ò$ÐmÔ¢Ï°Ì¸ÍdÍdÐAÏµ�NØ)Ô¢Ø
·�Ï°Ó
¾�Ô¢ÒSÐ"¾jØ�×�º=�SÌ�ØWÐnÏ°ÐA×_Ô9�$ÐAÔ°Ðf°AÔ°ÓdÏH±�±}Ðn×_ÔaÔ°ÓmÌ¸ÔfÂaËNÓdÏ¬Ô°Ò$Ì�±ãÏ}Ð�Ø
±}Ód×ð»gÔ¢ÒSÐlÝt­¯Ò	ÓdÎSÔH½$ÎSÔ0Ì�±A�SÐnÙÞØ¿º�Ðu�
³�º � °nÙÕÓ�°x¸�°×º�°nÙÕÐ[±DÓ�×áÔ°Ò$Ð'Ñ�«=Ño¬�­¯®�Ô¢ÓuØ�Ï°Ï}Ì�Ã�Ð�ÌÕ×ª±�º�×7°'ÖßÌ¸Ô°ÒoÔ°Ò$Ð��$ÐnÙÕØ:º�Ðu��®m&7Õ¹�NØ)Ô¨Ø�Â

���¨ä ¿7å�æ å���ç

ÑmÒ$ÐAÏ°ÐuØ�Ï°Ð
Ô¶Ö�Ó:Ô¢Ì�¾©Ì¸×$Í\°nÓd×7±}ÌU�$ÐAÏ¢Ø)Ô°ÌÕÓd×�±v·�ÓdÏ��$Ì¸ÍdÌ¸Ô¢Ø�Ù0ÐnÙ¸Ðf°AÔ°Ï°Ód×SÌ�°f±[©DÔ°Ò$Ð²°nÙ¸Ó�°x¸t½$ÒNØ
±}Ð²Ø�×L�?Ô¢ÒSÐ
±�º�×7°¨ÒSÏ°Ód×$Ì�´�Ø)Ô°ÌÕÓd×jÓ
·A�NØ)Ô¢Ø�Â�ÑmÒ$Ð[±°Ð'Ø�Ï}Ð>Ó
·èÔ°Ðn×iÏ}Ð[·�ÐAÏ°Ï°Ð\�jÔ¢Ó�Ø
±�ÜN×SÐ�Ø�×L�¤°nÓ_Ø�Ï�±°Ð>Ô°Ì�¾uÌÕ×$ÍFØ��YÛ}Î7±}Ô�¦
¾uÐn×_Ô�±[Â

ÑYº�½$Ì�°�Ø�Ù¸Ù�º�Øs�$ÌÕÍdÌ·Ô¨Ø�Ù¼�$Ð×Ã�Ì�°nÐ^±¢ØA¾¤½$Ù¸Ðf±'Ø�×�Ì¸×7½$ÎSÔ'ØÜÔ�Ô¢Ò$Ð²ÙÕÐnØ��$Ì¸×$ÍiÐu�SÍdÐ²Ó
·�Øª°AÙÕÓ�°x¸�°×º�°AÙÕÐA»
Ø�×L�5Ò$ÓdÙm�7±=Ô¢ÒSÐ^Ã)Ø�Ù¸Î$Ð¼·�ÓdÏ=Ô°Ò$Ð²Ï°Ðf±BÔFÓ
·�Ô°Ò$Ð^°[º�°nÙ¸Ð
Â\ç��ÜÛ}Î�±}Ô¢Ì¸×$Í:Ô¢Ò$Ð^½$Ò$Ø
±°Ð²Ó
·�Ô¢Ò$Ð^°nÙ¸Ó�°x¸D»ãÔ¢ÒSÐ
ÜN×$Ð=Ô°Ì�¾uÌÕ×$Í�Ø��ÜÛ}Î7±BÔ�¾uÐn×_Ô¿»$ÐA×7±°ÎSÏ°Ðf±ßÔ¢Ò$Ø)ÔsÔ¢ÒSÌ�±�é·ê�ë¶ì¨í�îèï�ð�Ó�°f°AÎ$ÏH±ßØÜÔhØ¦Ô¢Ì�¾uÐ>ÖßÒ$ÐA×oÔ°Ò$Ð�ÌÕ×�½$ÎSÔmÌ�±
Ã)Ø�ÙÕÌm�ð»0Ø
±FÌÕÙ¸ÙÕÎ7±BÔ¢Ï¢ØÜÔ¢Ðu��Ì¸×8ËaÌÕÍdÎ$Ï}Ð^¥A¦x§Y��ÂjËNÓdÏ'Ï°Ó
³$Î7±}Ô¨�$Ì¸ÍdÌ¸Ô¢Ø�Ù�±}ÌÕÍd×NØ)Ù�±f»ãÔ°Ò$ÐnÏ}ÐjÌ�±'Ó
·èÔ°Ðn×5Ód×$ÙPº�Ø
³$Ï}ÌÕÐ[·K½pÐnÏ}ÌÕÓ`�:Ó
·0Ô¢Ï¢Ø)×7±°Ì·Ô¢ÌÕÓ�×jÖßÒ$ÐnÏ}Ð�Ô¢Ò$Ð�Ì¸×7½$ÎSÔs±}ÌÕÍd×$Ø�ÙÀÌ�±sÌÕ×�Ã)Ø�ÙÕÌm�ð»�³$ÎSÔÐ·�ÓdÏs±}ÌÕÍd×$Ø�Ù�±�Ø)Ô°Ô°Ðn×UÎNØ)Ô°Ðu�
Ø�×L�w�$Ì�±}Ô¢Ó�Ï}Ô¢Ð\�ª³�ºáÙ¸Ód×$Í²°nØ
³$ÙÕÐ[±mÔ¢Ò$Ð�Ô¢Ï°Ø�×7±}Ì¸Ô¢Ì¸Ód×�°�Ø)×áÔ¢Ø
¸�ÐFÙÕÓ�×$ÍdÐnÏ[Â
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Ë£Ì¸ÍdÎ$Ï°Ð^¥A¦�§g��©c®�ºÙ°�Ø�Ï}Ð[·�Î$Ù¸Ù�º5Ø
°[°nÓdÎ$×_Ô°ÌÕ×$Ít·�ÓdÏ
ÐAÙÕÐ[°AÔ¢Ï}Ód×$Ì�°f±��$ÐnÙÕØ:º�±¦Ø)Ô¦ÐnØ
°¨Ò¢±}Ô¢Ø�ÍdÐA»aÔ¢ÒSÐjÑ�«�Ë
Ô¢Ï}ÌÕÍdÍ�ÐnÏ�Ô°Ì�¾uÌÕ×$Í¼½$Ø�Ï¢Ø
¾uÐAÔ°ÐnÏ�±DØ)Ï°Ð�ÐG��½$ÙÕØ�ÌÕ×SÐu�ðÂ

ÑmÒ$Ð�ÜN×$ÐhÔ¢Ì�¾©Ì¸×$Í¦Øx�ÜÛ}Î7±}ÔH¾©ÐA×_ÔßØ)Ô�Ô°Ò$Ð>Ñ�«=Ño¬o­¯®#ÖsØA±Ð¾jØx�$Ðv³�º¤¾©ÐnØ
±°Î$Ï}ÌÕ×$Í
Ô¢Ò$Ð£½$ÒNØ
±}Ð=Ó
·
Ô¢ÒSÐhÓ�ÎSÔ�½$Î�ÔC�NØ)Ô¨Ø=Ï}ÐnÙÕØ)Ô¢ÌPÃdÐsÔ¢Ó�Ô°Ò$ÐoÇ�È�É Ç�Ê�Ë�ÖßÌ·Ô¢Ò²Ø�×²Ó�±�°nÌ¸ÙÕÙÕÓ
±H°nÓ
½WÐA»_Ø�×L�uØ��L�SÌÕ×$Í'Ø�×uØ
½�½$Ï°Ó�½SÏ°ÌP¦
Ø)Ô°ÐDÙ¸Ðn×$Í�Ô°Ò©ÓA·à°�Ø
³SÙÕÐ
Â�ç�¾uÓdÏ°ÐßÏ}Ó�³$Î7±BÔl±}ÓdÙÕÎSÔ°ÌÕÓd×²Ö�ÓdÎ$ÙU�©ÒNØ¿ÃdÐ£³WÐAÐn×©Ô°Ó¦Ì¸×7°nÙ¸ÎL�$ÐhØ�×iØx�ÜÛ}Î7±}Ô¢Ø
³$Ù¸Ð
½$ÒNØA±°ÐsÔ¢ÓDÔ¢Ò$ÐoÇ�È�É Ç�Ê�Ë¦Î7±}Ðu�²Ód×�Ô°Ò$ÐmÑ�«=Ño¬�­¯®vÂd&�Î7°¨Ò©Øv½$ÒNØA±°ÐmÌ�±�Ø��L�$Ð\��Ô¢Ó=Ô¢ÒSÐÐ°nÙ¸Ó�°x¸Å±°ÐA×UÔ�Ô°Ó
Ô¢ÒSÐ_Ý�Î$Ó�×iÑaÏ°Ø�×7±}Ì¸Ô¢Ì¸Ód×�ÕsØ)ÏW�jÖßÒ$ÐAÏ°Ð=Ì·Ô�Ì�±�ÒNØ�ÏW�SÙ�ºu×$ÐnÐ\�$Ðu�Æ»L�$Î$ÐhÔ¢Ó
Ô°Ò$Ð>Ï}Ó�³$Î7±BÔ¢×$Ð[±H±mÓ
·ð±°ÌÕÍ�×NØ�Ù�±
½NØ
±�±°Ì¸×$Í	Ô¢ÒSÏ°ÓdÎ$Í�ÒÝÔ¢Ò$ÐªÌ�Í�°nÓd×$×SÐf°AÔ°ÓdÏfÂ?ÑmÒSÐÞÜN×$ÐjÔ°Ì�¾uÌÕ×$Í�Ø��ÜÛ}Î7±BÔ�¾uÐn×_Ô�Ô°Ó	Ô¢Ò$Ð�Ý�­¯ÒCÔ°Ï°Ì¸ÍdÍdÐnÏ
ÓdÎSÔH½$ÎSÔhÌ�±s¾©Ø��$Ð�Ó�×áÔ°Ò$ÐÅ®m&7ÕY¦âÑ�«'ËWÒ�Ï°ÐnË'¬£Ô)ß¼Â

&�ÌÕ×�°nÐ_ÕÐß�ËI±�¾cº�Ï}ÌÞØ��V�$ÐAÔ°Ðf°GÔ¢ÓdÏ�±Ð½$Ï°Ó�°nÐ[±H±^�$Ø)Ô¨ØFØ)ÔN�$Ì�ØWÐnÏ}Ðn×_ÔÐ±�½WÐAÐu�7±[»�Ã)Ø�Ï°Ì¸ÓdÎ7±)°nÓ_Ø)ÏH±°ÐhÔ¢Ì�¾^¦
ÌÕ×SÍ©Øx�ÜÛ}Î7±}ÔH¾©ÐA×_Ô�±hÌÕ×7±}Î$Ï°Ð'Ô¢ÒNØÜÔhÔ°Ò$Ð��NØ)Ô¢ØuÌ�±�±�º�×7°¨Ò$Ï°Ó�×$Ì�´AÐu�	ÖßÒ$ÐA×	×$ÐAÐu�$Ð\�ðÂmËNÓdÏsÔ°Ò$Ð
Ï}Ð�Ø��SÓdÎSÔ¿»
Ô¢ÒSÐÙ±�º�×7°¨Ò$Ï°Ó�×$Ì�´nØ)Ô¢Ì¸Ód×Û¾©Ð[°¨ÒNØ�×$Ì�±H¾ Ì�±Þ°�Ø�Ù¸ÙÕÐ\�ñÔ¢Ò$ÐÙÄãÐ[Ã�ÐnÙ^§ÙÒ³Ì�½WÐAÙÕÌ¸×$Ð
Â ß�Ø)Ô¨ØÝÌ�±:Ò$ÐnÙm�1Ì¸×�Ø
½$Ì�½WÐAÙÕÌÕ×SÐ>ÖßÌ¸Ô°ÒáÔ°Ò$Ð'ÙÕÐA×$Í�Ô¢ÒoØ��YÛ}Î7±}Ô°Ðu��±}Ó�Ô¢ÒNØ)Ô��NØÜÔ¨Ø�Ì�±s°AÓ�¾©Ì¸×$Í�ÓdÎSÔ£Û}Î�±}ÔDØ
±mÔ¢Ò$Ð'ÍdÙ¸Ó�³NØ�ÙÆÄãÐ[ÃdÐAÙ
§��$Ðf°AÌ�±}ÌÕÓd×�·�ÓdÏsÔ°ÒNØ)ÔhÐ[Ã�Ðn×_Ô>Ï}Ð�Ø
°¨ÒSÐf±ßÔ¢Ò$Ð_·�Ï°Ó�×UÔhÐA×L��°AÏ¢Ø)Ô°Ð
Â
ËNÓdÏmÓ�Ô¢ÒSÐnÏo±�º�×7°¨Ò$Ï}Ód×$Ì�´�Ø)Ô°ÌÕÓd×t½$Î$Ï�½WÓ�±}Ðf±[»xÔ°Ò$ÐiÕÐß�Ë¢±�º�±}Ô°Ðf¾òÎ7±°Ð[±hÔ°Ò$Ð_ÜNÏH±BÔhÓdÏßÐ�Ø
°¨ÒoÍdÏ°Ó�Î7½

Ó
·o³$ÎS×7°¨Òá°nÏ°Ó
±H±°Ì¸×$Í7»)®�ÎS×7°¨ÒôóÀÐnÏ°Ó�»³Ø
±�Ø�Ï}Ð[·�ÐnÏ}Ðn×7°AÐ
Â�çsÔ�Ô°Ò$Ð�³$Î$×7°¨Òá´AÐnÏ°Ó?Ð×ÃdÐA×UÔf»�ØeÇ�È�É XS`
±°Ì¸Íd×NØ�Ù�Ì�±²Ø
±�±°ÐnÏBÔ¢Ð\�ôÓd×­Ô¢ÒSÐ�³NØ
°x¸�½$ÙÞØ)×$ÐáÓ
·DÔ°Ò$Ð�ÕÐß�Ë ·�Ï°Ód×_Ô²Ðn×o�r°AÏ¢Ø)Ô°Ð
ÂõÑmÒ$Ì�±uÌ�±�Ô¢Ò$Ðª¾©Ø�ÌÕ×
±�º�×7°¨ÒSÏ°Ód×$Ì�´�Ø)Ô°ÌÕÓd×W±°Ì¸Íd×NØ�ÙÓÂÝÑmÒ$ÐoÑ�«=Ño¬�­¯®öÙÞØ)ÔH°¨Ò$Ðf±uØ�×L�´�$ÐAÙÞØ¿º�±²Ô°Ò$Ð�Ç�È�É XS` ±}ÌÕÍd×$Ø�ÙÐ³pÐ[·�ÓdÏ}Ð
±°ÐA×L�$Ì¸×$ÍõÌ¸Ô©Ô¢ÓÝÔ¢ÒSÐ�Ý�Î$Ód× Ñ÷Ï¢Ø)×7±°Ì·Ô¢ÌÕÓ�×ÛÕsØ�ÏW��Ø)ÙÕÓd×$Í8ÖßÌ¸Ô¢ÒôÔ¢Ò$Ð�Ô°Ï°ÌÕÍ�ÍdÐnÏV�NØ)Ô¢Ø�ÂCÑmÒ$Ì�±s�SÐnÙÞØ¿º

�A¥



Õ�Ó�¾\½WÓ�×$Ðn×_Ô ÒaØ�Ï¢ØA¾©ÐGÔ¢ÐnÏ &�ÐAÔ}Ô¢Ì¸×$Í
ç�ß~Ý�Ô�Ý Z V ZU\�ÊU\�e�f PUk À
Î
Ñ�«=Ño¬�­¯® Z V ZU\�ÊU\�e�f PUk Í�¨
Ñ�«=Ño¬�­¯® X�` È�\�ÊU]_^ § Á
Ñ�«=Ño¬�­¯® [WV Z ÈU\�ÊU]U^ �
Ñ�«=Ño¬�­¯® Ç�Ê�Ë ÈU\�ÊU]U^ §:¨

ÑaØ
³$Ù¸ÐÅ¥�Â ¥7©�ÑmÌ�¾©Ì¸×$Í¼½NØ)Ï¢Ø
¾uÐAÔ°ÐnÏH±s·�ÓdÏsÔ°Ò$Ð'Ñ�«�ËõÔ°Ï°Ì¸ÍdÍdÐnÏ[Â

¾uÐ�Ø�×7±�Ô°ÒNØ)Ô³Ô¢Ò$Ðo³$ÎS×7°¨ÒÞ´nÐAÏ°ÓÅ³$Ì¸Ô³Ì�±�Ø
°AÔ°Ì�ÃdÐs·�ÓdÏ�Ô°Ò$Ð��NØ)Ô¨Ø=ÖßÒ$Ì�°¨Ò�°AÓ�¾©Ð[±"·�Ï°Ó�¾�Ô°Ò$Ðo³$Î$×7°¨Ò�´nÐnÏ}Ó
Ð[Ã�Ðn×_Ô¿ÂßÑmÒ$Ð¼Ý�Î$Ód×RÝ	Ø)ÔH°¨Ò�³pÓ��oÔ¢Ò$ÐA×?Ø�ÎSÔ°Ó�¾jØÜÔ¢Ì�°nØ�ÙÕÙPº\±�º�×7°¨Ò$Ï}Ód×$Ì�´AÐf±>Ô°Ò$Ð��NØ)Ô¨ØuØ�Ï}Ï°Ì�Ã�Ì¸×$Í²·�Ï°Ó�¾
Ã)Ø�Ï°Ì¸ÓdÎ7±��$ÐGÔ¢Ð[°AÔ¢Ó�ÏH±hÎ7±°Ì¸×$ÍuÔ°Ò$Ì�±s³SÌ¸Ô¿Â³Ñ÷ÓjØ¿Ã�ÓdÌU�áÏ°ÐAÒNØ
±}Ò$ÌÕ×$Í²Ô¢ÒSÐ��SÓYÖß×�±}Ô¢Ï}Ð�Ø
¾øÔ°Ì�¾uÌÕ×$Í�ÓA·�¾�ÎSÓd×
Ô¢Ï}ÌÕÍdÍ�ÐnÏf»÷Ô¢Ò$Ð©Ñ�«�Ë�Ô¢Ï}ÌÕÍdÍdÐAÏ¨�$Ø)Ô¨Ø	×SÐnÐu��±¦Ô¢Ó�Ï}Ð�Ø
°¨ÒÝÔ°Ò$ÐÞ¾©Ø)Ô�°¨Ò�³pÓ��8ÖßÌ·Ô¢Ò$Ì¸×¢À
¨�°nÙÕÓ�°x¸�°[º�°nÙ¸Ðf±[»
ÖßÒ$Ì�°¨ÒiÌ¸ÔY¾©Ø�×NØ�ÍdÐ[±�ÖßÌ·Ô¢ÒjØi±°Ì¸×$ÍdÙ¸Ð�°AÙÕÓ�°x¸²°[º�°nÙ¸ÐDÔ°Óc±H½$Ø�Ï°ÐAÂ�ÑmÒ$Ì�±�Ì�±�Ô¢Ò$ÐDÏ°ÐnØ
±°Ód×©Ô¢ÒNØ)Ô�Ô¢ÒSÐ_Ý�Ñ�Õ
�$ÐAÙÞØ¿º�Ì�±_±°Óª±H¾©Ø�ÙÕÙÓÂ
Ñ)º�½$Ì�°nØ�ÙÕÙPº�»ÀÔ°Ò$Ð^°nÙ¸Ó�°x¸�½$ÒNØ
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δ−ray production

Cut step size

yes

yes

no

no

δ−ray production

CALL GUSWMP

CALL GFLUCT

CALL GMULTS

Cherenkov radiation

limitation due to:
if medium changed

Compute step size

Transport particle

Changed volume?

Apply multiple scattering

Apply active processes

Update interaction probabilities

Energy loss too high?

Apply energy loss fluctuation

Update material data

ALGORITHM DETAILS

multiple scattering
Cherenkov production
geometry

CALL GDRAY

CALL GGCKOV
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_P8pWX]7R��7R}WXRn<nWX_PQ[H

ª�]7RkVlWSR[;¥VSKUm[RtKUV�TNKU6.KfWXRu��WX_�Rna7VSO^QSRtWX]7Y%W�WX]^RkQSR[TNY%WXKfz&RtRnQSQl_&Q�KNaxWX]7RtWS_PW>YPTp6`_&6.Rna#WXO76
Y%WFR[YP<>]|VlWSR[;¢KNVeTNR[VlVeWX]7YPa|_&a7Rt;7YPQlWFKUa�¶ �P· ��´�]7KN<>]¢KUVe]sYPQl¸|<[_'¸7R[¸D8£_PQeWX]7R{6._&6`R[a#W[HFª�]7R
VXYZ8£R@V4WXRn;xVlKNm[R:RnVlWXKU6�YZWXRP�7¹.º�»½¼S¾>¿[�)8£_&Q�Yk6�YZÀ)KU6tO76�QlR[TNY%WXKfz&RFR[QlQS_&Q�Á�KNV�M&KUzPR[a�q#�

¹`º�»Â¼l¾"¿�ÃÅÄP® �&�FÆ ÇsÈÉ)Ê�Ë#ÌÍ Ë Á#ÎÂÏ
·�Ð ÑÂÒ HU¶�Ó

² RnQSR Ê KUVFWX]7RrWX_PWXYPT�R[a^R[QSM%�&� Ç WX]^R`WS_PW>YPT�6`_&6`R[a#WXO^6x�pYPa7¸ ÌÍÔWS]7R`6�YPMPa7RnWSKN<t�sRnTN¸�H.ª�]7R
8£_&Ql6tO7T�YtKUV�_&q^WXYPKNa7Rn¸�O7VSKUa7MkWX]7R:VlWSR[;x¸7_&O7q7TUKNa7Mk;^QS_'<[R[¸^O7QSR:_&O^WSTNKUa7R[¸�KUax©�Rn8£RnQSRna7<[R�­¯®P®%°±H

hea�KUa7¸7Rn;wRna7¸7R[a#WrTUKN6`KUWF_&a�WX]7R.R[QSQl_&Q{_%8�R�YP<>]�6`_&6`R[a#WXO^6Õ<[_&6`;w_Pa7R[a#WtKUV{a7_%W{KU6.;7TUR 1
6`R[a#WXRn¸�qwRn<�YPO7VlR�Yy<n_&6.;b_&a7Rna#Wt6.Y��¥QlRnz&RnQSVlR�VSKNMPa��«¸7O7R.WX_yWS]7R�6.YPM&a7R}WXKU<`8£_&Ql<[R%��TNR�Y%¸7KNa7M
WX_gY�VlWSR[;¥VSKUm[Rr_P8�m[R[Ql_yYZWFWX]7RtWSO7QSa7KUa7M�;w_PKNa#W�Htª�]^R`V4WXRn;�VSKUm[RkKUV:YPTNQlR�YP¸^�yTNKU6.KfWXR[¸gWX_�=PRnR[;
WX]^R�;sYPQ4WXKU<[TNR`KNa¥WX]7R.VXYP6`Rrz&_&TUO76.R.YPa7¸�qd��6.Y%WXRnQSK�Y%T�KNa#WXRnQXYP<}WXKN_Pa7VnH�Y%¸7¸7KUWSKN_&a7YPT�TNKU6.KfWXV:YPQlR
O7a7a^R[<[RnVSVSYPQl�¢qbR[<[YPO7VSRkWS]7Rk;w_PVSKUWSKN_&ayKNV�_&a^TU�xQSR[TNY%WXRn¸DWX_�WS]7Rk6._P6.RnadWSO76gHF~�8�´�RtW>YP=%Rr<�YPQlR
_P8pWX]7R:6`_&6`R[a#WXO769WX]7R:;b_&VSKfWXKU_&a�´�KNTUTwW>Y%=PR@<�YPQlR@_%8LKfWXVSRnTU8+H

ª�]7Rk;sY%WS]DTNRna7MPWS]D;sYPQSYP6.R}WXQlKNm�YZWXKN_Pax_P8�WS]7RtRn 'O7Y%WXKU_&a7V�_P8c6`_PWSKN_&ag]sYPVFY.VSKNa^M&O7T�Y%QSKUW��gYZW
m[RnQS_�WS_PW>Y%TB6`_&6`R[a#WXO^6x�oq^O^W�´�RD]sY�z&Ry¸7KNVlQSR[M&YPQS¸7Rn¸ÖKUW[H×~�W�KUV�qbRn�&_Pa7¸ÖWX]7RxVS<n_&;wRx_P8FWX]^R
?:³cheE ªØVlKN6tO^T�Y%WSKN_&ayWS_x6`_'¸7R[TLWS]7RkWXQSYP;7;7KUa7M�_P8o6`_&a7_&;b_&TUR[VFKNa¢6.Y%WSWSR[QnH`~�a�Y�VS_&TUR[a7_&KU¸sYPT
�sRnTN¸�´�KfWX]�WS]7R�6.YPM&a7R}WXKN<B�sR[TU¸�;sYPQSYPTNTUR[TsWX_�WX]7R�qbR�Y%6¦TUKNa7RBKUW�KNVo;b_&VlVSKNq^TNR�8£_&QoYt6`_&a7_&;b_&TUR�WS_
<[_P6.R�WX_eYB6`_&6`R[a#W>Y%Ql�F<n_&6.;^TNRnWSRcVlWX_P;��P_&a^TU��WS_ qbR0Y%<[<[RnTNRnQXY%WSR[¸{q#�:WX]^R�6.YPM&a7R}WXKU<«�sR[TU¸�H«Ù0O)W
WX]^R[VSR{Rnz&Rna#WXVFYPQlR{KUQSQSRnTNR}zPY%adWnHsWX]7R�6._&a^_&;w_PTNR:KNVBVl´�R[;^W�_&O^W KNa7VlKN¸7R:WX]7R�qwR[YP6 1 ;7KU;wR�´�KfWX]7_&O)W

� ¶



QSR[YP<>]7KUa7MgWS]7R`¸7RnWSR[<nWS_&Q[H�~�8�Yx;^QS_&;bR[QFWXQlR�Y%WS6.Rna#W{_P8�WX]^R.VlKNa7M&O^T�YPQlKUW��DKUV:a7R[Rn¸7R[¸��LKUW:<�Y%a�qbR
VlWSR[;7;bR[¸jYPQS_PO7a7¸ÚO7VSKUa7M¢WX]7R�WSKN6`R�;sYPQXY%6.R}WXR[QlKNm[Y%WXKU_&a�H�Û×]^R[aÜY¢;7YPQlWSKN<[TUR[Vk=dKNa^RnWXKU<�R[a7RnQSMP�
¸7Ql_&;7VeqbR[TU_�´ÝY.Vl6�YPTUT�WX]7QlR[Vl]7_&TN¸���WS]7R{O^VSOsYPTpqbR[]sY�z'KN_&QB_P8�?:³�h�EBªÞKNV�WX_.VlWX_P;yWX]7R@;sYPQ4WXKU<[TNR
YPa7¸¥¸7Rn;w_&VlKUW:WX]^R.QlR[6.YPKNa7KUa7M�Rna7R[QlMP�¥KNa|WX]7Rr<nO7QSQlR[a#Wt6`R[¸7KUO76gHkª�]7KNV@KNVFVlO^¬`<[KNRna#W{8£_&QF_&O^Q
;7O7Ql;w_PVSR[VnH

ß�à>á âÞãDäFå�æk� ��ç`è«è¤étã|ê ëìäFínî«é ïðéeñgè

h 8µWSR[Q�WXQSYPa7Vl;w_&Q4WXKUa7MtWX]7R:;sY%QlWXKU<[TURFYP<[<n_&QS¸^KNa7MkWX_kWS]7R:R[ dOsY%WSKN_&a7V�_P8I6`_PWXKU_&a��)WS]7R:R[a7RnQSMP��TN_&VlV
¸7O7R�WX_�KU_&a7KNm[Y%WXKU_&agKNVe<[YPTN<nO7T�YZWXR[¸�HeheVeVS]7_�´�a|KNa|�)R[<}WXKN_Pa 3 Hvò^��Y�6.YPM&a^RnWXKU<�6`_&a7_P;w_&TUR:¸7_)RnV
a7_PW�_&qbRn�ÚWX]7RyVlW>Y%a7¸sYPQl¸óÙ0RnWS]7R 1 Ù0TN_'<>]j8£_&Ql6tO7TNY^HóÛ�Rx]sY�z&RDKU6.;7TUR[6`R[a#WXRn¸jqb_PWX]ôWX]7Rx8£O7TNT
WXQlR�Y%WS6.Rna#WF_P8�©BR}8+H�­õ¶ � °«YPa7¸DWS]7RkasYPKfz&Rt6`_)¸^R[TIök÷ É'ø �w´�]7KU<>]¥YPQSRta^R�YPQlTU�xR[ dO7KUz%YPTUR[a#We8£_PQ
_&O7QL;7O7QS;b_&VlR[V[H�ª�]^R�8£O^TNT)WSQSR[Y%WX6`R[a#W�KUV«KN6`;7TNRn6.Rna#WXR[¸{KNatWX]^R�QS_&O^WSKNa7R �#ùd�dú'û)ü H#hoWc;^QSR[VlR[a#W��'KUW
KNV0<�YPTUTNR[¸�YZW�R�YP<>]gVlWSR[;gKNa �&¨#�7ü#ý#� �sq7O^WBYk6`_&QSReRn¬`<[KUR[a#W�WXQlR�Y%WS6.RnadW�´�_&O7TU¸�qwR�WS_kM&R[a7RnQXY%WSR
Yka7Rn´Þ6._&a^_&;w_PTNReRna7R[QlMP��TN_PVSVoW>Y%q7TNR:YPV�KUV�¸7_&a7RF8£_&Q�_PWS]7R[Q�;sY%QlWXKU<[TUR[V[H

Ù0R[<[YPO7VlR�WS]7RoasY%KUz&R06._&a^_&;w_PTNR�R[a7RnQSMP�{TN_&VlVI8£_&Ql6tO7T�YBKNVIQSR[TNY%WXRn¸tWX_eWS]7R�VlWXYPa7¸sY%QS¸t8£_&Ql6tO7T�Y
q#�xY.VSKU6.;^TNR:VSO7q^VlWXKfWXO^WSKN_&axYPa7¸yqw_PWS]y¸7Rn;wRna7¸D_&a^TU��_&a ø YPa7¸ya^_PWeþ�´�]^R[aDþðÿ þ�¿}�w_&a^R
<�Y%ayYP¸7YP;^W�WX]^R@;^QS_PWS_&axTU_&VSVoWXYPq7TUR[V�YPa7¸ga7RnR[¸ya^_PW�<�YPTU<[O7TNY%WXRea7Rn´ _Pa7R[VnH

ª�]7Re6`_&a7_P;w_&TUR�R[a7RnQSMP�`TU_&VSV ������ ���
	 KNV�_&q^WXYPKNa^R[¸`qd�`Vl<�YPTUKNa7M:WX]7R ;7QS_%WX_&a`R[a7RnQSMP�`TU_&VSV ������ 5
� Ê�
� ���
	 Ã � Ê�
� Æ Ñ�� É Ó È Æ ø È

ª�]7Rx;7QS_PWS_&aÖKUV.<n_&a7VSKU¸7R[QlR[¸jWS_�]sY�zPRyWX]7RxVXYP6`R�z&R[TU_)<nKUW��ôYPV`WX]7Rx6._Pa7_&;b_&TNR%�0VS_¥WX]sYZW�WX]^R
R[a^R[QSM%��KNV 5 ����Ã þ��

þ ���
	 Æ � ����	
ª�]7R�;7Ql_PWX_Pa�R[a7RnQSMP��TN_&VlVtKNV�KNa#WXRnQS;b_&T�YZWXR[¸�8£QS_&6 ?@³�heE ªFu¯VkTN_'_&=dO7;�W>Y%q7TNR ������ Ñ � 	 Ó}�L´�]^KN<>]
M&Kfz&R[VkWS]7RxRna7R[QlMP�ÚTN_PVSV`Y%Wr¸7KUVS<[QlR[R}W�Rna7R[QlM&KNRnV[Hjª�]^KNVrQSRn 'O^KNQSRnV`�7a7¸7KNa^M¢WS]7RgKNa7¸7R"À��:<[_&QlQSR 1
VS;b_&a7¸^KNa7MrWX_rWX]7R@;7Ql_PWX_&agR[a^R[QSM%�&��������VlO7<>]yWX]7Y%W����������! "�#�%$&��H�ª�]7R@KNa#WXRnQS;b_&T�Y%WSR[¸�z%YPTNO7R
KNVoWS]7R[a 5 � Ê�
� Ñ ���}ÓcÃ � Ê�
� Ñ ���£Ó(' ���*)+�#��#�%$ Î )+��� Æ�,

� Ê�
� Ñ ���-$ Î Ó�) � Ê�.� Ñ �#�½Ó0/
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ª�]7R�KNa7¸7R"À1��Y%a7¸{KUadWSR[Ql;w_&TNY%WXKU_&aF<[_'Rn¬`<nKNR[a#W«YPQSR�YPTNQlR�YP¸)�F<�YPTU<[O7TNY%WXRn¸�KUat?:³�h�EBª�8£_&Q\<>]sYPQSMPR[¸
]sYP¸^QS_&a7V�Y%a7¸�]7R�Y�zd��KN_Pa7VoKNa�VlO7q7Ql_&O^WXKUa7R �&úd§32�42ý H7´0R:6`_)¸^KU�sRn¸�KUWoWS_k¸7_rR}À^YP<}WXTU�.WX]7RFVSYP6`R
WX]^KNa7Mk8£_&Q�6`_&a7_&;b_&TUR[V[H �#¨#�7ü&ý#� ;wRnQl8£_&Ql6.VoWS]7R:KNa#WXRnQS;b_&T�Y%WSKN_&a�YPa7¸�WX]7RF�sasY%T�VS<[YPTNKUa7M7H
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GEANT proton

Bethe-Bloch proton

JLKUM&O7QSR Ò 1 ® 5 h�<n_&6.;7YPQSKUVS_&a�_P8oWX]^R�Ù0RnWS]7R 1 Ù0TN_'<>]�8£_&Ql6tO7TNY�´�KfWX]Ú?:³�h�E ªØWXYPq7TUR[V�8£_PQ�WX]^R
R[a^R[QSM%��TN_&VlV�_P8L;^QS_PWS_&a7V�KNagYPKUQ[H

JLKNMPO7QSRnV Ò 1 ®�Y%a7¸ Ò 1�5 <n_&6.;7YPQSR{WS]7RkR[a^R[QSM%�|TN_&VlV�<[O^Qlz&Rr8£QS_P6ÔWS]7R`?@³�heE ªÝW>YPq7TUR{´�KUWS]
WX]^R Ù�RnWX]^R 1 Ù�TN_'<>]`8£_&Ql6tO7TNY^�%8£_&Qc6`_&a7_&;b_&TUR[V�YPa^¸.;7Ql_PWX_Pa7V[H«ª�]^RBRna7R[QlMP�rTN_PVSV«8£_&QcY:6._Pa7_&;b_&TNR
KNaÖ?@³�heE ª¤YPM&QlR[RnV.´�R[TNT�´�KUWS]Ö³� dOsY%WSKN_&a 3 H ®&®)H ª�]^Ry<[O^Qlz&RnV�_&a7Tf�Ú¸7KUzPR[QSMPRyVSKUM&a7Kf�s<�YPa#WSTU�
8£_&Q ø(6 � 3{Æ ¶ �87 È �i´�]7R[QlR.WX]^R.Ù�RnWX]^R 1 Ù�TN_'<>]¥8£_&Ql6tO7TNY�KNV@YPa¥KNasYP¸^R[ dOsY%WSR`¸^R[VS<nQSKU;^WXKU_&a�Y%a7¸
?:³cheE ªÅO7VSRnVeYt�7W�WX_r6`R�YPVlO7QSRn6.Rna#WXV Î H9�:(;-<
=�>@?A=�>CBEDGFIH!JLKGMONQPSR#:�T@UWVXFY=0BZHLFI<\[]B�=^VXD_>
=0`�<(a_DGHL=0bI>(D_Hc<
=�>
deFAaGbf<�DGFIH!Ff;&<�gL=h=0HL=�>
iIj�aGFAB
B�<
bIkLaG=0BZ;%FA>BE<
bfHeVLbf>CVld]bI>E<
DG`�a_=OB�k][X<�[eBE=OB�BE<�FAdLdLDGHLi!>
bIHLiI=m<
bfk]a_=OB�DGH]BE<�=ObIV.K^UZgLDnB�DGBSVXFAHL=QD_HoFI>CVX=�>@<�Flbp?IFADGVqFr?A=�>
=0BE<�D_s

� ®
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GEANT monopole
t
Bethe-Bloch monopole

JLKUM&O7QSR Ò 1C575 h�<n_&6.;7YPQSKUVS_&a�_P8oWX]^R�Ù0RnWS]7R 1 Ù0TN_'<>]�8£_&Ql6tO7TNY�´�KfWX]Ú?:³�h�E ªØWXYPq7TUR[V�8£_PQ�WX]^R
R[a^R[QSM%��TN_&VlV�_P8L6`_&a7_P;w_&TUR[VoKUagYPKNQnH

ª�]7RgR[a7RnQSMP�ÚTU_&VSV�EsO7<}WXOsYZWXKN_Pa7V`YPa7¸ô¸7R[TfW>Y|QXY���;7Ql_)¸^O7<nWSKN_&aôYPQlRg<[YPTN<nO7T�YZWXR[¸ÚO7VlKNa7M¢WX]^R
VlWXYPa7¸sY%QS¸j?@³�h�EBª 6`RnWX]^_)¸7Vn��´�KfWX]�WX]7RgQSRn;7T�Y%<[R[6`R[a#W`_P8e�&öx´�KfWX] � É'ø �0YPVr¸7KUVS<nO7VSVlR[¸ÖKUa
�)Rn<nWXKU_&a 3 Hvò^H

ß�à�u v w|ínîhxcy|í[ä z|{�é�îLîLäFå^x�ãDæ
Js_&Q«6tO^TUWXKU;7TNR�VS<[Y%WSWSR[QSKUa7M7�'?:³�h�E ªÜ;7QS_�z'KN¸^R[V�Y@Ax_&TNK
}R[QlRo6._'¸7RnT±�&YF;7TUO7QXY%T7VS<[Y%WSWSR[QSKUa7MF6`_)¸7RnT±�
YPa7¸yY�?:YPO7VlVSK�Y%ax6`_)¸^R[T±H0Ù0R[<[YPO7VlR�WX]^R{6`_&a7_&;b_&TNRnVo´0R{YPQSR@<[_Pa7VSKU¸7R[QlKNa7M.YPQSR@6tO7<>]y]7R�Y�z'KNRnQ
~ br<
D_HLi1=�HL=0>�iAj1aGFAB
BE=OBhHL=0bI>^<
gL=�������B�D_H]iI[Lanbf>
D�<�j�Ff;Z<�g]=���=�<
gL=�s���a_FX`Cg�=0�c[]bf<�DGFIH8K��lFAHLFId�FIaG=0BmVXF�HLFI<g]bp?A=@<
gLDGB@BEDGHLiI[]aGbI>�D_<�j�BEFQ<
gL=hFIanVX=�> ~ =�<�gLFXV!DGB@B�<
D_aGa�bfd]dLa_Dn`�bIkLaG=IK
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WX]7YPa|_&QS¸^KNasYPQ4�g]sYP¸7Ql_&a7V Ñ þ��9¶ �&� ?FR���Ó}�wWX]7R}�D]sY�z&RtzPR[Q4�|VS6.YPTNT\Vl<�Y%WlWXR[QlKNa7M�Y%a7M&TNRnV[�iY%a7¸
´�R�¸7_xa7_PW�a7R[Rn¸�WX]7R`a7_&a 1 ?:YPO7VSVlK�YPa¢W>Y%KNTNV:_P8�WX]7Rr8£O7TUT�Ax_&TNK
}R[QlR`6`_'¸7R[TÂH.Û�R�6`_)¸7Kf�sR[¸¢WX]^R
6.YPKNaô6tO7TfWXKN;^TNR�VS<[Y%WSWSR[QSKUa7M�Ql_&O^WXKUa7RP� �P�.�^û#¨�� WX_�O7VSRDWS]7R|?:YPO7VlVSK�Y%aÖ6._'¸7RnT±� �P�^�#�
��� ��8£_PQ
6`_&a7_&;b_&TNRnV[H�Js_&Q�RnTNRn<nWXQlKN<F<>]sY%QSM&RnVBWS]7KNV�Ql_&O^WXKUa7RF<�Y%TN<[O^T�Y%WSR[VoWX]^R�© AD��VS<[Y%WSWSR[QSKUa7M`YPa7M&TUR 5

� ��Ã 3 Ð ÒPÒ Äe�\�����&ö�� �Ê�ø È�� ÑÂÒ H 3 Ó

´�]7RnQSR��@���BKNV:Y�<>]sYPQSYP<nWSR[QlKNVlWSKN<k_P8�WX]^R`6.Y%WSR[QSKNYPT«Y%a7¸ � KNV�WS]7RrKNa#WXRnM&QXY%WSKN_&a|V4WXRn;�VlKNm[R%Hrª�]7R
VS<[Y%WSWSR[QlKNa7M�YPa7M&TUR@¸^Rn�sa7RnV�Y`<[_&a7R�YPQl_&O7a7¸gWX]7R�;sYPQlWSKN<nTNR[V�6`_&6`R[a#WXO76gHoJs_&Q�KUVS_PWSQS_&;7KU<F6�YZWXR 1
QSKNYPTNV�Y%ad�g¸7KUQSRn<nWXKU_&a�´�KUWX]^KNa�WX]7R�<[_&a7R@KNVBR[ dOsY%TNTU��TUKN=%R[TU�P��YPa7¸xVS_�_Pa7R{KUVB<>]^_&VSRna¢Y%WeQSYPa7¸7_P6xH
Û�R�VSO7q^VlWXKfWXO^WSR � É'ø 8£_&Qo�Pö@KUa�W�´0_rV4WXR[;^V 5 KNa �&¨#�7ü&ýd� qd��VSR}WSWXKUa7M��
�3� �sü&û WS_��\��� � É KNa7V4WXR[YP¸
_P8\�\���cYPa7¸�KUa �P�8�^û#¨&� q#��<[YPTNTUKNa7M �P�7�#����� ´�KfWX] ø KNa7V4WXR[YP¸�_P8 ø È H�ª�]7RnVSRFVSO^q7VlWSKUWXO)WXKN_Pa7V�YPQlR
6.YP¸7RF_&a7Tf��8£_&Q�6`_&a7_P;w_&TUR[V Ñ 4�¨'�d¨8 d�3¡3¢ Ó"H
ß�à"ß £9ç�êDä¥¤ étícx�êDé�îSx[ç`ã
C�a7RF<�Y%a7a7_PW�¦ Y%W�TUR�YPV4Wo�&R}W�¦ó<[_&6`;sYPQlR�WX]7R@?:³�h�E ª VSKU6tO7TNY%WXKU_&a.´�KfWX]�QSR[YPT�¸sYZW>Y^�)6.R[YPa7KNa^M
WX]7Y%Wr<[Ql_&VSVr<>]7Rn<>='V�YPQSR�WS]7R�_&a7TU��Y�z%YPKNTNYPq7TNR`WX_'_&T08£_&Q�zPY%TNKN¸7Y%WXKUa7MyWX]^Rg<n_)¸^RPH�Û�R�<[_&6`;sYPQlR
WX]^Re?:³�h�EBªj<[_'¸7R�´�KUWS]`Y@VlKN6`;7TNRnQ«6._Pa7_&;b_&TNRoVlKN6tO^T�Y%WSKN_&a{YPa7¸`<[_&6`;sYPQlRoWX]7RB©�O7a7M&R 1�§ O^WSWXY
KNa#WSR[M&QSY%WXKU_&a`´�KfWX]rWX]7ReYPasYPTf�dWXKN<�Vl_&TNO^WSKN_&a�H«E _Pa7Re_P8wWX]7RnVSR�<>]^R[<>=dVoz%YPTNKU¸sY%WXRoWS]7R�Y%VSVSO^6.;^WSKN_&a^V
YPa7¸g6`_)¸7RnTNVo¸^KNVS<nO7VSVlR[¸DKUa�WX]7R:;7QlRnz'KN_&O^VBVlR[<}WXKN_Pa7VnHsWX]^Rn��6`R[QlR[TU��<>]7R[<>=�8£_&Q�6`KNV4W>YP=%R[V�KNa�WX]^R
KN6`;7TUR[6`R[a#W>Y%WSKN_&a�H
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YPasY%TU�dWXKU<�VS_&TUO^WXKU_&a Ñ ³� dOsY%WSKN_&a 3 Hf¶ 3 Ó"H
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Vl�'VlWSR[6 YP<[Ql_&VSV.Y¢QXYPa7MPRg_%8�6`_&a7_&;b_&TNR�6�YPVlVSRnV.KUV
VS]^_2´�ajKNaôJLKNMPO7QSR Ò 1 Ò Y%V.6`R�YPVlO7QSRn¸jq#�Úqb_PWX]Ü;7QS_&MPQXYP6`VnHoWS]7Rn�ôYPQlRxKUaÚM&_)_'¸ÜYPM&QSRnR[6`R[a#W�H
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6`_&a7_&;b_&TNR@Y%W WX]7R{QXYP¸7KUO7VB_P8�WX]7R{ªBC:JÜVS<[KUa#WXKNTUT�Y%WS_&Q�YPQlR{VS]^_2´�a|KUa|JLKUM&O7QSR Ò 1 ò^��JIKNM&O7QlR Ò 1 Ä)�

� ò



 [GeV]GEANT-EMonSimE
-4 -2 0 2 4

E
nt

rie
s 

/ .
1 

G
eV

0

20

40

60

80

100

120
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YPa7¸.JLKUM&O7QSR Ò 1+� 8£_&QcYF6`_&a7_&;b_&TUR0´�KUWS] Ò �&� ?:RE� 6.YPVlV[H«ª�]7R�WSQXYLÌlRn<nWX_PQl�`YPa7¸rRna7R[QlMP�k¸7Rn;wRna 1
¸7Rna7<[R@_P8«VlKNa7MPTNR�W��';7KN<[YPTiRnzPR[a#W�KUV�VS]7_�´�ayKUayJIKNM&O7QlR Ò 1�Í YPa^¸yJLKUM&O7QlR Ò 1 ¶ � H�ª�]^R{YPMPQSR[Rn6.Rna#W
qbRnW�´�R[R[axWX]7RFW�´�_.;7Ql_&M&QSYP6.V�KUV�R}À)<[RnTNTUR[a#W�H

ª�]7R[QlRyY%QSR�VS_P6.R�W>Y%KNTNV�KNa�WX]^Rg¸^KNVlWSQSKUq7O^WXKU_&a7Vn��]7_�´0R}z&R[QnHóC�a7R�W>Y%KNT0R}z&RnadW.KNVkVl]7_�´�ajKUa
JLKUM&O7QSR Ò 1 ¶P¶DYPa7¸×JIKNM&O7QlR Ò 1 ¶ 3 H hoW�WX]7RxWXO7Qla7KNa7M�;w_&KUa#W��oWX]^RD6._Pa7_&;b_&TNR�]sYPV.z&R[Q4�ÖTUKUWSWSTNR
R[a^R[QSM%�&�dYPa7¸tWS]7Ro¸7KUVS<nQSR[;7YPa7<n�{qwR}W�´0RnR[arWX]7RoÙ0RnWS]7R 1 Ù0TN_'<>]{8£_&Ql6tO7T�Y YPa7¸tWS]7R�?:³cheE ª�W>Y%q7TNRnV
qbR[<[_P6.RnV{a7_PWSKN<nR�YPq7TUR Ñ JLKUM&O7QSR Ò 1C5 Ó}H�ª�]7R�TNY%WXRnQ�QSYP;7KN¸�YP<n<[R[TUR[QSY%WXKU_&a�_%8oWX]7R`6`_&a7_&;b_&TNRr]sY%V
WX]^RFRn�wR[<nW�_%8I6.YPM&a^KU8µ�'KNa7M@WX]7KUVoVS6.YPTUTw¸7Kf��RnQSRna7<[R%H�³«zPR[a�8£_&Q0W>Y%KNT�R}z&RnadWSV[�sWX]^RF¸7KNVl<[QSRn;sYPa7<}��KUV
TNRnVSV�WX]7YPa�¶XÎ9_P8pWX]7RFWS_PW>YPT�R[a7RnQSMP��_P8pWX]^R@;7YPQlWSKN<[TURPH
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¹�³�­*µq´

heVpYPa@YP¸^¸7KUWSKN_&asY%TP<[Ql_&VSV\<>]7Rn<>=��P´0Rc<n_&6.;7YPQSR�qb_PWX]�?:³�h�E ª�KN6`;7TNRn6.Rna#W>Y%WSKN_&a7V 5 WS]7RcYPasYPTf�dWXKN<
VS_PTNO^WSKN_&a �&�'�#�d�'� YPa^¸`WS]7R�©BO^a7M&R 1�§ O^WSWXY:KUa#WXR[MPQXY%WSKN_&a �&�d§d¨d�'� HdheVcKNakWS]7R�;7QSR}z)KU_&O7VcVSRn<nWSKN_&a��
´�R�<[_&6`;sYPQlRBWS]7RF³�a7RnQSMP� Ñ JIKNM&O7QlR Ò 1 ¶�®#Ó"�dm Ñ JLKUM&O7QlR Ò 1 ¶ 5 Ó"�^Y%a7¸ÛÊ Ñ JLKUM&O7QSR Ò 1 ¶ Ò Ó«¸7KU�wR[QlR[a7<nR
Y%W�WS]7R:ªBC:JÚQXY%¸7KNO7VnH�ª�]7R:QSRnVSO7TfWXVBYPQSR:KUagR"À)<[R[TUTNRnadW YPMPQSR[Rn6.Rna#W��7´�KUWS]�VSTNKUM&]#WXTf��YPV4�'6.6`RnWSQSKN<
W>Y%KNTNVB¸7O7RtWS_�WX]7RrY%VSVSO^6.;^WSKN_&a���KNa �&�'�#�#�)� ��WS]sY%WeWS]7Rk6.YPM&a7R}WXKN<@�sR[TU¸|KNV�KUayWX]^Rkmt¸7KNQlR[<}WXKN_Pa
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JIKNM&O7QlR Ò 1��^5 ª�]7R�ÊD¸7KU�wR[QlR[a7<nR�YZW�WX]7R:ªBCFJôQSYP¸7KUO7Vo8£_&QB?:³cheE ª YPa7¸yAx_&a��)KU6xH
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Vl�'6`6.R}WXQ4�kqwR}W�´0RnR[a�RnTNR[<}WXQlKN<�YPa7¸`6.YPM&a7R}WXKN<� dOsY%adWSKUWSKNR[VnH«ª�]7KUV�V4�'6.6`RnWSQl�r<�Y%a.qbR R"À);7TN_&KfWXRn¸
WX_g¸7Rn¸7O7<[R.6�Y%M&a7RnWSKN<kKUadWSR[QSYP<nWSKN_&a7VF8£Ql_&6�R[TUR[<}WXQSKU<r_&a7R[V@KNa¥Y�VlWSQXYPKUM&]#WS8£_&Q4´oYPQl¸¥´0Y��&HÛßBVSKUa7M
WX]^KNV@6._'¸7R[TÂ�I?@³�h�EBª ]sYPV@qwRnR[a�R"À'WXR[a^¸7R[¸ÚKNa�Yx<n_&a7VlKNVlWSR[a#W{8½Y%VS]7KU_&a¥WS_y]sY%a7¸7TNR`6.YPM&a7R}WXKN<
6`_&a7_&;b_&TNRnV[H\Û�R�]7Y�zPRoWXRnVlWXRn¸._PO7Qc?:³cheE ªôKN6`;7TNRn6.Rna#W>Y%WSKN_&a�YPM#YPKUa7VlW«Y�6tO7<>]rVSKU6.;^TNR[QI¸7R[¸ 1
KN<[Y%WXRn¸¢6._&a^_&;w_PTNRtVlKN6tO7TNY%WXKU_&a�H�ª�]7RkW�´0_gKNa7¸^R[;bR[a7¸7Rna#W{;7Ql_&M&QSYP6.V:Y%QSRkKNa¢R"À^<nR[TUTNR[a#W�YPM&QlR[R 1
6`R[a#W�H

ª�]7R@6�YPMPa7RnWSKN<�6`_&a7_&;b_&TUR�R}À'WXRna7VSKU_&a�WX_.?@³�heE ªÞKUV�Y�z%YPKUT�YPq^TNR 8£_PQ�¸7_�´�a7TN_#Y%¸�8£Ql_&6
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�`_&a7_��b_&TNRnVoKNa�V)�[KNa#WSKNTNTNY%WX_PQ�´�KUWS] ø/. � Ð10 YPQSR:R}À2�bR3�}WXR[¸gWX_��7QS_'¸7O#�nR:TNKNMP]dWoKNa�R}À2�[RnVSV _�� Ò �P�
4x~+G�V[HBª�]7KUV KUVeYrWXKNa#�5�£QSY��nWSKN_&ax_��LWS]7R[KUQ _�z&RnQXYPTUT\R[a7RnQSMP�xTN_&VlV[��q7O^WeKUWBVlWSKNTUTiQSR3�^QSR[VlR[a#WXV:Y`QS_-&
q7O7V4W�VSKUM&asYPT«­¯ò^�7® Ò °ÂH^ß a7¸^R[QSV4W>YPa^¸7KNa7MkWS]7RFRn¬��[KUR[a#�}��_��\WX]^RF]7KNM&]^TU�`KN_&a^KNm[KUa7M6�7YPQlWSK��[TUR Ñ ² ~+G�Ó
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PX[/w�KDI�PXP)U�s�N|[�N#K<`fI�^~�H[��HLV`#U P�K:�SK3�'Lz_g[�YC�
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CDF Run II Preliminary

Typical Single TOF Channel
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ÿ��¼» ½¾�L£��E¿�ÀRÁ+ÈªÂAÃ��`Ä�¢aÃ.Â

~76$29v8-Cw0-U>�:=H¯Q :�1F>NS�W�>J6$2K>J13-Vw0w02E1e-V<e>J68S013S0/8w06$HV�q��:=HV-Cv :5>J2LvmS0Bx@�-CB$-V@9/$@Å[$-¥:=<�:=B$v�>313-Vw0w02L1
v :�>J:8{�¹�Ba[TS=>36xO;:=<F2L<E]�>J6$2R@�2L:=<3/$1F2Lvx>313-Cw=w02L1�132E<3QTS0B$<32h-V<�-VB�QT2L1FWX2EOE>G:�w0132E2L@�2LBM>N�^-V>36�>J682
2L@R/$H¥:�>32Lv*1F2L<3QTS0B$<F2�>3Sa>J6$2qv$-Vw0-V>3-�ÍE2Lvnv :5>�:8{�~76d/8<Z:=HVHDS0/81h-CB$2k©�OE-C2EB$OE�*OES0@�2L<9WX13S=@+>J682
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,.-Vw0/$132$Ï54�z;§8}.~76$2G:�1313-U��:=H >J-C@�2�S�W�Q$/$HC<F2L<�>3SR>J6$2�~��G,¼Ë\pm~7<E{r~7682�>J-V@�-VB$wR@�2;:=<F/$132E@�2EBM>
-C<9>36$2q>J-V@�2q[T2E>��r2L2EBÆ:DËrp�~°w0S0-VB$w_:=[TS"�=2�>36$132E<36$S=HCvÇ:=B$v¶:uOES0@�@�S0B*<?>JS0Q�]D<3S_2L:=13HV-C2L1
:=1F13-V��:=H®>J-V@�2E<7:=1F2�>JS9>36$2A13-Vw06M>;{�~76$2A<F6 :=13Qq>3/$13B�S0Bq-V<DWX13S0@ÅQ$13S=@�Q8>3HV��:=1F13-V�d-VB$w9Q :=1?>J-VOLHC2E<L]
>J682R�^-Cv8>36xS=W�>36$29@�:=-CB�QT2;:=P�-C<�>J6$2�S0Q8>J-VO;:=H�HC2EB$w=>36�S=W�>36$29~��A,¦[ :=1F<L]�:=B$v�>36$29HCS=B$w�>J:=-CH
-C<NWX1FS0@Y<FHCS��r2L1GQ :=1?>J-COEHC2E<L{9~76$2l<F6 :=13QuOL/�>JS=�*B82;:=1A´�È ��-V<N>J6$2l2EB$v�S�Wr>36$2h~��A,b>3-C@�-CB$w
�^-CB8v$S��G{\~768-C<^-C<�WX1FS0@Yz���]³�0�=��%�!&É�Ê ËdÌl2k�02EB&>3<L{

z"f=�



Monopole Mass [GeV]
0 200 400 600 800 1000

E
ffi

ci
en

cy

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

,.-Vw0/$132HÏ"4�z@ù8}�~7682�2k©�OE-C2EB$OE��WXS017[TS=>J6�HC-Vw06M>7Q$/$HV<32E<�>3S�1F2;:=O�6�>J6$2G~��A,�Ë\pm~7<��^-V>36$-CBq>J682
>J-V@�-VB$wG�^-CB$v$S��G] :�<7:RWX/$B$Ok>J-CS=BqS=W�@�S=B$S0QTS0HC2�@Z:�<3<L{\�NB$HU�Z682;:;�&�o@�S0B$S0QTS0HC2E<D@�S��02N<FHCS��^HV�
2LB8S0/$w06�>JSl[T2K2k��2EOE>32LvI{

z"f�z



:=B :�HCS0wh1F2L<3QTS0B$<F2GS=W�>36$2G2LHV2LOE>313S0B8-COL<E{�, S01�>J6$2Av8-Cw0-U>�:=HT132E<3QTS0B$<32G�r2�:�<3<3-Vw0Bm:=B�2E©�OL-V2LB$Ok�qS=W
z��0��þ'�^-V>36�B8S�/$B8OL2L1?>�:=-VBM>��0{\pmS0<?>\S=W�>36$2^2E�gS01F>�WXS01�>36$-C<\:=B :�HV�d<3-V<���:=<�>JSK@�:=P=27>J682^>313-Vw0w02L1
�rS013Po1F2LHV-¥:=[$HU�0{

ÿ��Mÿ ½µÀ�¿�ÀRÃ.Â�¿

~76$2o~��A,Í>313-Cw=w02L1G��:�<9S0QT2L1J:5>J-CS=B :=H�<36$S=1F>JHU��:�W¨>J2E1�>J682o<3/$@�@�2L1R<F6&/8>Jv$S��^ByS=Wef=�=�0²8]�[$/�>
>J682m2L:=13HU�*v :�>J:uv$-VvyB$S=>�/$<32mO;:=HV-C[$13:�>J2Ev*>J13-Vw0w02E19>J6$1F2L<368S0HCv$<E{¦~76$2�t 1F<F>�Q$6M��<F-COE<Zc&/ :=HV-V>��
v :�>J:o�^-V>J6uO;:�HC-C[81J:�>32Lvx>J68132L<F6$S0HVv$<A��:=<K1J:5>J2lHC-V@�-U>J2Lv�ÎI2E�=2LBM>J<K�D2E132l>J6$1FS"�^B�S0/8>K:�>KHV2E�02EH\f
-VWe>J6$2�1J:5>J2���:=<l>JSdSu6$-Cw06�{�Ï��02LB¶>J6$S0/8w06¶>36$2�:;�=2L1J:�w02�13:�>J2���:�<Z[T2LHCS��Å>J6$2�>J6$1F2L<368S0HCvI]
<F>J:�>J-V<F>3-CO;:�H�­ /$Ok>J/ :�>3-CS0B8<e:5>7>J6$-V<�HVS��Í13:�>J2GO;:�/$<32Evx:=[TS0/8>ef=��þÅS=W�>J6$2K2E�=2LBM>J<�>JSl[g2A>36$13S��^B
S0/8>L{�~76$2N13:�>J2NHV-C@�-V>��D:=<7132E@�S��=2Lvo�^6$2EB�>36$2�>313-Cw=w02L1\��:=<7v82L2L@�2Lvq<?>�:=[8HC2={\Ðd6$S01F>3HV��[T2EWXS01F2
>J682e�^-CBM>32L1\<36&/8>Jv8S"�^B�]8>J6$2e-CBM>J2Ew01J:5>J-CS=B��^-VB$v$S���WXS01�>J6$2�~��A,D«¬<rO�6 :=1Fw02�@�2;:=<F/$132E@�2EBM>D�D:=<
132Ev$/$OE2Lv�WX1FS0@¸f=�GB$<�>JS�z"fNB$<;]&-VB&��:=HV-Cv :5>J-CB8we>J682eOL:=HC-V[$1J:�>3-CS0B8<L{�~76$-C<��D:=<\v$S0B$2^>JSG@�-CB$-V@�- ÍL2
>J682A<3QTS0-CHV2L1�2k��2EOE>7WXS01�>��dQ$-VO;:=HIQ86&�d<F-COL<�:=B$:=HV�d<3-V<L]�[$/8>�:=Ok>J/ :=HVHV��2LB$6$:=B$OL2E<7>J6$2G2E�g2LOk>7WXS01�>J682
@�S0B$S0QTS0HC2�<F2;:=1FO�6I{Ñ, S01l>J6$-V<Z132L:=<3S=BI]�>J6$2�@�S0<?>Z1F2LOE2LBM>qv :�>J:`-C<�B$S=>ZOLS0B8<3-Cv82L132Ev�-CBÇ>J6$-V<
:=B :�HV�d<3-V<L{

~76$2�~��A,q>313-Vw0w02L1�/$<32Ev�OL:=HC-V[$1J:�>32LvN>36$132E<36$S0HVv$<�:=<¯S=W�13/8B�zzÏ�Ï0�8z0z=]�[$/8>¯>J682\13:�>J2�HV-C@�-V>®�D:=<
B$S=>e132E@�S��=2Lv�/8B&>3-CH�13/8B`z@Ï�Ï0��z�²8{ s >�1F/$B`z@Ï=§M��Ï�Ï8]$>36$2K-CBM>J2Ew01J:�>3-CS0Bq�^-VB$v$S��¤�D:=<�O�6 :�B$w02Lv�{
�N/$1Kv :�>�:�<32E>ROLS0B8<3-C<?>J<9S�W�>J6$2of0|�Q8[ � õ S=W7B8S0B�4�13:�>J2�HC-V@�-U>J2Evuv$:�>�:8].:=B$v¶z��mQ$[ � õ S=W713:�>J2¼4
HC-V@�-U>J2Evov :�>J:8{�~76$2GHC/$@�-CB8S0<3-U>��Z@�2;:=<F/$132E@�2EBM>e6$:=<�:�Ï�þ·/$B$OE2L1?>�:=-VB&>��vÎÒ²�ù-Ð�{

z"f0f
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~76$2r<3-Cw=B :�>J/8132�WX13S0@
:^@�S0B$S0QTS0HC2�-V<�<FS�/$B8-Cc&/$2=]=:�<F-CB$w=HC2�2E�=2LBM>�OLS=/$HCvK132EQ$132E<32LBM>�:^v$-V<3OLS��=2L1F�={
�b6$-VHC2�v82LOL-Vv$-CB8w*6$S��ª>3S*<32LHV2LOk>�@�S0B8S0QgS=HC2�OL:=B$v$-Vv :�>32L<oWX13S=@ >36$2av :�>J:n<J:=@�Q$HC2�]7�D2u:=1F2
Q$1F-C@�:=13-VHV��OLS0B$OE2L1FB$2Lvq�^-V>36ZB$S�>DHVS0<3-VB$wR:�B&��@�S0B$S0QTS0HV2L<L{.¹ºW�:=Bo2k�02LBM>7Q$:=<3<F2L<�S0/81DOL/�>J<r>36$2L1F2
:=1F2�@�:=BM�m:=v$v$-U>J-CS=B :=HI1F2Lc&/$-C1F2L@�2LBM>J<��D2RO;:=Bx/8<32�>3SZv$2k>J2E13@�-CB$2K-VW.-V>e-C<e:�@�S0B$S0QTS0HC2�{�~76$-V<
-C<7B8S=>e:l[8HC-CB8v�:=B :=HU��<F-C<E{

~76$27v :�>J:=<32k>���:�<�w02LB$2E1J:�>3-CB$wA/8<3-CB8wN>J6$2�v82Lv$-VO;:�>32Lvl@Z:�w0B$2E>3-COr@�S0B8S0QgS=HC2�>J13-Vw0w02E1L]��^68-CO�6
O�6$2EO�Pd<AWXS01�H¥:�13w02KQ$/$HV<32L<�-CBm>36$29~��A,¦<FOL-CBM>3-CHCHC:�>JS=17[ :=13<E{A��â�-CB$2�]g�r29HCSdS0PoWXS01e:=[$B8S013@�:=HCHU�
6$-Vw06�-VS0B$-Vã;:�>3-CS0B_OLS=@9[$-CB82Lv��^-U>J6�B$S0B�4ºOL/$1?�=:5>J/$1F2Z-CBu�6ö(��].:�<R-CHVHC/$<?>J13:�>J2Evu-VBn,.-Vw0/$1F2Z��4�z0{
��27132Lc&/$-V132e�Tä�OES0-CB$OE-Cv$2EBM> ì �N~¦<32Ew0@�2LBM>J<��^-V>36l<3@�:=HCHdOL/$1?��:�>J/$1F2={�~76$2^<F2Lw0@�2LBM>J<�@9/8<F>�[T2
OLS=@�QTS0<32Ev�2EB&>3-C1F2LHV��S�W�H¥:=1Fw02�ådæRç=å0èa6$-U>J<L{7~7682L<32ROL/8>3<A:=132K@�S0132G>J6 :�B<ù0�]þ�2k©�OL-C2EBM>;]I:�B$v
OLS=@�Q$HV2E>32LHV�G2EHC-V@�-VB :�>J2�S01Fv$-CB$:=1F�G>J13:=O�P&<�-CB9@�-CB8-C@9/$@Í[$-¥:=<�v :�>J:8{�ýD/�>��D2AédêAë�ê5ì8OEH¥:=-V@¤>J6 :5>
S0B$HU��:�@�S0B$S0QTS0HV2AOLS0/$HVv�Q :�<3<e>36$2L<F2ROE/8>J<E{ s BM��OL:=B$v$-Vv :�>J2E<��^-VHCH¯1F2Lc&/$-C1F2�WX/$1?>J6$2E1e<FOL1F/8>J-VB&�
>JSlv$2k>J2E13@�-CB$2A-UW�>36$2E��:�132G@�S=B$S0QTS0HC2E<L{

~76$2 ì �N~�@�2;:=<F/$132E<�>J682�>3-C@�2�-VBM>J2L1?��:=H7WXS01��^68-CO�6¦>36$2�OE/$131F2LBM>oS0B¦:�<F2LB$<F2��^-C1F2m-V<
:=[TS��02a:`>36$132E<36$S0HVvI]7�^6$-CO�6�-V<o:=B�-VB$v$-V132LOk>Z@�2;:�<3/$1F2L@�2LBM>qS=WG>J682a:=@�S0/$BM>oS=WG-VS0B$-Vã;:�>3-CS0B
WX13S=@í>36$29Q :=<F<3-VB$wqQ :=1?>J-COEHC2�{N~76$-C<�@�2L:=<3/$1F2L@�2LBM>;]�O;:=HVHC2Lvm>J6$2968-V>N�^-Vv8>J6a:�B$va@�2L:=<3/8132Lv_-VB
B :=B8S0<32EOLS0B$v8<L]�-C<K>J6$2oS�â�-VB$2Z@�2;:�<3/$1F2L@�2LBM>hS=W^-VS0B$-CãL:�>J-VS0B_/$<32Ev*WXS01R@�S0B$S0QTS0HV2�OL:=B$v$-Vv :�>32
<32EHC2EOE>J-VS0BI{

~76$2�v$2EWj:=/8HV> ì �N~Å>J13:=O�P&-CB$w_t 1F<F>�t B$v$<�<3@�:=HCH\>J13:=O�P*<32Ew0@�2EBM>J<�-CBy2;:=O�6¶<3/$QT2L1�4�HC:��=2L1E{
��2N6 :;�02G@�S�v$-Ut 2LvZ-V>D>3S9-Cw=B$S0132e6$-V>3<D�^-V>36o�^-Cv8>36$<�<F@Z:=HVHC2E1\>36 :=B�:=B�:=v¡ûF/$<F>J:=[$HC2e>J6$1F2L<368S0HCvI{

z"f=²
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,.-Vw0/$132N�"4�z=}�pmS0B$S=QgS0HV2L<r132;:�O�6�>36$2A~7-C@�2k4ºS=W¥4�,�HC-Cw=6&>�v$2E>32LOE>3S01L]8Q$13Sdv$/$OE2A6d/8B$v$132Ev$<^S=W.pm¹�î�<
S=W�HC-Vw06M>;]$:�B$v�t$132A>J6$2Av82Lv$-VO;:�>32Lv�>J13-Vw0w02E1L{\��â�-CB$2�]8>J6$2k��:=1F2Kv82E>J2EOE>32Lv�[M�q@�:=BM���®äeOES0-CB$OE-U4
v$2EB&>�<F2Lw0@�2LBM>J<^�^-V>36�6$-Cw06�å&æ9ç�åMè�:=B$v�HCS��ïOL/$1?��:�>J/$1F2={

z"f�ð



s HV<3S$]M[T2LOL:=/$<F2�:G@�S=B$S0QTS0HC2�OL:=Bl6 :;�02�:G<FHCS���:�B$vlO�6 :=B$w0-VB$wG>J1J:�B$<F�=2L13<F2e�=2LHCSdOL-U>��0]0>36$2^/$<3/ :�H
>J-V@�-VB$w�:=<3<F/$@�Q�>J-CS=BÇñX´ºò�óõô�ö�÷�È��0ç�øLùeOL:=B$B$S�>A[g2R/$<32EvI{R¹�B$<?>J2L:=vI]I>J682R>J-V@�2¼4�S=W¥4�­ -Cw06M>^>JSq2L:=O�6
<3/8Qg2E1?4�HC:;�02L1^-V<^:=HCHVS"�r2Lvq>3Sl��:=1?�0{

�b-V>36�>J682L<32ZO�6 :=B$w02E<L]��r2oO�6$2EO�P�WXS01R�Tä9OES0-CB8OL-Cv82LBM>RHVS�� OL/$1?��:�>J/$1F2Z<F2Lw0@�2LBM>J<R-CB`2L:=O�6
<3/8Qg2E1?4�HC:;�02L1E{¤�`2mt 13<?>qO;:=HV-C[$13:�>J2�>J682 ì �N~ªå&æRç=å0èb@�2L:=<3/$1F2L@�2LBM>oWXS01�6$-Cw=6Æ-CS0B8-Cã;:5>J-CS=BI]
O�6$SdS0<32�:��^-Cv�>J6¦OE/8>;]^:�B$vÆ2L<?>J-V@Z:�>32m-U>J<�2E�g2LOk>;{(~76$2LBÆ�r2�1F2L@�S"�=2m>36$2m�^-Vv8>J6ÆOE/8>;]^:�B$v
O�6$2EO�P�>36$2K2E©�OL-V2LB$Ok��S=W�S0/81^>31J:=O�P�t B$v$-VB$wZ:�HCw0S01F-V>36$@ÅS=Bm6$-Vw06h�$��>31J:=O�P&<E{D~76$-V<�P�2L2EQ$<�S0/81
v$2EQg2EB$v$2LB8OL2RS=B�p�S0BM>J2 ì :=13HVS9>JS�:l@�-CB8-C@9/$@�{

ú ��û ü �Lý�¿�þ ÿ���¿

, S01�Q :�1F>J-VOLHV2L<r�^-U>J6q@�:=<3<F2L<7@9/8O�6�68-Cw06$2E1D>J6$:=B�:=Bq2LHV2LOE>313S0B�]8>J6$2}ýD2E>36$2k4�ýDHCSdO�6�2LB$2E13w=�ZHCS0<F<
WXS01F@9/$H¥:ov82LQT2LB$v$<KS0B$HU�xS0B_>J682l�=2LHVS�OE-V>��0{l, S01N>36$-C<G1F2;:=<FS0BI]¯>J6$2 ì �N~ å&æ9ç�åMè�O;:�HC-C[81J:�>3-CS0B
Q$1FS�v$/8OL2L<�:n/8B$-V�=2L13<3:=HAOL/81F�02��õðM���e>J6 :5>qQ$132Ev$-COk>J<o>36$2x>J1F/$B$O;:5>J2Lv(:;�02E1J:=w=2x�^-Cv8>36�S=WK6$-V>3<
OLS=@�QTS0<3-VB$wh:�>31J:=O�P��^-V>36o�02LHVS�OE-V>�����{�ýr�q:�v$v$-CB8wh:9@Z:�<3<�6M�dQgS�>J6$2E<3-C<E]$>J6$2�<J:=@�2N/$B$-U�02E13<J:�H
OL/81F�02�-C<R/$<32Ev¶>JSaQ8132Lv8-COE>l>36$2o�^-Cv8>36I« <�@�S0@�2LBM>J/8@+v$2EQg2EB$v$2EB$OL2�WXS019v$-U��2E132LBM>�Q :=1?>J-VOLHC2E<L{
~76$-V<�-V<7<36$S��^Bm-CB�,.-Cw=/$132G��4?fRWXS017Q$-VS0B$<L]8P�:�S0B$<L] Q813S=>3S0B$<L]®:�B$vmv82L/8>32L13S=B$<L{
�eS=>K<F/$13Q$1F-C<F-CB$w0HU�0]�>36$2lv$2EWj:�/$HV> ì �N~��^-Vv8>J6_O;:�HC-C[81J:�>3-CS0Bxv8S�2E<KB8S=>GOLS0B8<3-Cv82L1A>J6$2lHC:=13w02

-CS=B$-CãL:�>J-VS0B�Q :=1?>�S=W�>J6$2 ì �N~A«¬<mv8�dB :=@�-COu1J:=B8w02={�, S01q>36$-C<�132L:=<3S=BI]A�D2�6 :;�02n:�v$v$2LvÍ:
OLS=13132EOE>3-CS0BqWj:=Ok>JS017[M��/$<F-CB$wl~��A,Ç-Vv$2LBM>3-Vt 2Ev�HVS���4�@�S0@�2EBM>J/$@·Q$13S�>JS0B$<�:=B8vmv$2E/8>J2E13S0B8<L{

~76$2R/8B$-V�=2L13<3:=H�OL/$1?�02RQ8132Lv8-COE>3<N:=BmS0/8>3Q$/8>��^-Cv8>36�WX1FS0@ :�>31J:=O�P&<e�=2LHVS�OE-V>��0] �^6$-VO�6�OES0@l4
[$-VB$2L<�>J682 ì �N~¶132L<FQgS=B$<32^�^-V>36l>36$27�D2EHCH /$B8v$2L1F<F>JSdSdv;ýr2E>J682k4¬ýrHCSdO�6�-VS0B$-CãL:�>J-VS0B92EB$2L1Fw=�hHCS=<3<L{
,®:=OE>3S013-VB$wNS0/�>�>J6$2aýD2k>J6$2¼4¬ýDHVS�O�6hQTS01?>J-CS=B9132k�02;:�HC<�>J6$2 ì �N~Ç132E<3QTS0B$<327WX/$B8OE>J-VS0BI]0�^6$-VO�6lQ$132¼4
v$-VOE>J<�:=BnS=/8>JQ$/�>��^-Vv8>J6uWX13S0@¾:=B`:=@�S=/$BM>RS=WD-CS0B8-Cã;:5>J-CS=BI]�:=<�<F6$S��^B*-CB`,.-Cw0/8132��"4�²�{q¹º>R-V<
HCS=wM:=13-U>J6$@�-CO�]&2k�8:=OE>3HV��:�<^>36$2 ì �N~Í<3QT2LOE<9ñ s Ð ë
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XILINXS

INPUT:  LVDS through 250’ of Amphenol 16902832−040
                   Twist ’N’ Flat (to round) cable, 
                   accept 3M socket 3417−6640.

OUTPUT:  TTL, through J3
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¿�À Á�Â>Ã Ä+Å�Ä+Æ�Ç¶È+ÃÉ(Ë È Ë Ê Ë Ì ÍÎÐÏ�ÑÓÒ ¿>Ô Ò�Õ ¿ Ï Ô Ö ÑÓ×ØÕ ¿ Ï Ô Ö ÑÓ×ØÕ ¿ Ï Ô Ö ÑÓ×¯Õ ¿ Ï Ô Ö ÑÓ×¯ÕÊ ËÓÙ�Ì Ú Ì Û Ç¶Ü Ê Ý Ì Û Ç¶Ü Ê ÍÓÊ Þ Ë<ã>Ù/Ë<à Ë�Ì¬Ê Þ äÓÌ'ÙFä¬Í Ì'Ë<Ê Þ Ë�Ì¬å>Ù Ë�ÌÓä ÍÓÊÓÊ Þ Ë<ãÓÊ>Ù Ë<ã>ËË Í>Ù�â Ú Ì æ Ç¶Ü Ê Ý Ì æ Ç¼Ü Ê Ë<ã>Ù/Ë<à äÓÌ'ÙFä¬Í Ë�Ì¬å>Ù Ë�ÌÓä Ë<ãÓÊ>Ù Ë<ã>ËÌ á'Ù�å Ú Ì Û Ç¶Ü Ë Ý Ì Û Ç¶Ü Ë Ì¬Ê>ÙFÌ'Ë ä¬â>ÙFäÓá Ë�Ì¬ã>Ù Ë�Ì¬à Ë<ã\Ì'Ù Ë<ãÓÍÍ ä'Ù�ã Ú Ì æ Ç¶Ü Ë Ý Ì æ Ç¼Ü Ë Ì¬Ê>ÙFÌ'Ë ä¬â>ÙFäÓá Ë�Ì¬ã>Ù Ë�Ì¬à Ë<ã\Ì'Ù Ë<ãÓÍâ à>Ù Ë<Ê Ú Ì Û Ç¶Ü Ì Ý Ì Û Ç¶Ü Ì ÌÓÌ'ÙFÌ¬Í ä¬å>ÙFäÓä Ë<ÍÓÊ>Ù Ë<Í>Ë Ë<ãÓâ>Ù Ë<ã\áá ËÓËÓÙ Ë�Ì Ú Ì æ Ç¶Ü Ì Ý Ì æ Ç¼Ü Ì ÌÓÌ'ÙFÌ¬Í ä¬å>ÙFäÓä Ë<ÍÓÊ>Ù Ë<Í>Ë Ë<ãÓâ>Ù Ë<ã\áå Ë<Í>Ù Ë<â Ú Ì Û Ç¶Ü Í Ý Ì Û Ç¶Ü Í Ì¬â>ÙFÌÓá ä¬ã>ÙFä¬à Ë<Í\Ì'Ù Ë<ÍÓÍ Ë<ãÓå>Ù Ë<ã\ää Ë�á'Ù Ë<å Ú Ì æ Ç¶Ü Í Ý Ì æ Ç¼Ü Í Ì¬â>ÙFÌÓá ä¬ã>ÙFä¬à Ë<Í\Ì'Ù Ë<ÍÓÍ Ë<ãÓå>Ù Ë<ã\äã Ë�ä'Ù Ë<ã Ú Ì Û Ç¶Ü â Ý Ì Û Ç¶Ü â Ì¬å ãÓÊ Ë<ÍÓâ Ë<ãÓãà Ë<à>Ù Ì¬Ê Ú Ì æ Ç¶Ü â Ý Ì æ Ç¼Ü â Ì¬å ãÓÊ Ë<ÍÓâ Ë<ãÓãË<Ê Ì'ËÓÙ ÌÓÌ Ú Í Û Ç¶Ü Ê Ý Í Û Ç¶Ü Ê â\á\Þ ÌÓä'ÙFÌ¬ã Ë<Í\á\Þ ã>ËÓÙ�ã\Ì ÌÓÌÓá\Þ Ë<Í\á'Ù Ë<ÍÓå Í>Ë�á\Þ Ë<ãÓà>Ù Ë<àÓÊËÓË Ì¬Í>Ù Ì¬â Ú Í æ Ç¶Ü Ê Ý Í æ Ç¼Ü Ê ÌÓä'ÙFÌ¬ã ã>ËÓÙ�ã\Ì Ë<Í\á'Ù Ë<ÍÓå Ë<ãÓà>Ù Ë<àÓÊË�Ì ÌÓá'Ù Ì¬å Ú Í Û Ç¶Ü Ë Ý Í Û Ç¶Ü Ë Ì¬à>Ù�ÍÓÊ ãÓÍ>Ù�ãÓâ Ë<Í\ä'Ù Ë<ÍÓã Ë<à>ËÓÙ Ë<à\ÌË<Í ÌÓä'Ù Ì¬ã Ú Í æ Ç¶Ü Ë Ý Í æ Ç¼Ü Ë Ì¬à>Ù�ÍÓÊ ãÓÍ>Ù�ãÓâ Ë<Í\ä'Ù Ë<ÍÓã Ë<à>ËÓÙ Ë<à\ÌË<â Ì¬à>Ù ÍÓÊ Ú Í Û Ç¶Ü Ì Ý Í Û Ç¶Ü Ì Í>ËÓÙ�Í\Ì ã\á'Ù�ãÓå Ë<ÍÓà>Ù Ë<âÓÊ Ë<àÓÍ>Ù Ë<àÓâË�á Í>ËÓÙ Í\Ì Ú Í æ Ç¶Ü Ì Ý Í æ Ç¼Ü Ì Í>ËÓÙ�Í\Ì ã\á'Ù�ãÓå Ë<ÍÓà>Ù Ë<âÓÊ Ë<àÓÍ>Ù Ë<àÓâË<å ÍÓÍ>Ù ÍÓâ Ú Í Û Ç¶Ü Í Ý Í Û Ç¶Ü Í ÍÓÍ>Ù�ÍÓâ ã\ä'Ù�ãÓã Ë<â>ËÓÙ Ë<â\Ì Ë<à\á'Ù Ë<àÓåË�ä Í\á'Ù ÍÓå Ú Í æ Ç¶Ü Í Ý Í æ Ç¼Ü Í ÍÓÍ>Ù�ÍÓâ ã\ä'Ù�ãÓã Ë<â>ËÓÙ Ë<â\Ì Ë<à\á'Ù Ë<àÓåË<ã Í\ä'Ù ÍÓã Ú Í Û Ç¶Ü â Ý Í Û Ç¶Ü â Í\á ãÓà Ë<âÓÍ Ë<à\äË<à ÍÓà>Ù âÓÊ Ú Í æ Ç¶Ü â Ý Í æ Ç¼Ü â Í\á ãÓà Ë<âÓÍ Ë<à\ä
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�p���$����
����O�<� ´��b�	��� �t�	)(� « )(�/!��$�	Y
r « ��¦ r ´��V��£(�V��W ?_ëG� W r
r �t��¦ r ´��V��£(�V��� ?_ëG� W S
r « ��¦ S ´��V��£(�V��¢ ?_ëG� W £
r �t��¦ S ´��V��£(�V��  ?_ëG� W �
r « ��¦ £ ´��V��£(�V��� ?_ëG� W ®
r �t��¦ £ ´��V��£.®.��W ?_ëG� W l
r « ��¦ � ´��V��£.®.��� ?_ëG� W ¤
r �t��¦ � ´��V��£.®.��¢ ?_ëG� W k
r « ��¦ ® ´��V��£.®.��  ?_ëG� W �
r �t��¦ ® ´��V��£.®.��� ?_ëG� W »
r « ��¦ r�S ´��V��£�l���W ?_ëG� W Ssr
r « ��¦ £(�(® ´��V��£�l���� ?_ëG� W S�S
r �t��¦ r�S ´��V��£�k���� ?_ëG� W £.® ì
r �t��¦ £(�(® ´��V��£(�V��W ?_ëG� W £�l ì
S « ��¦ r ´��V��£�l���¢ ?_ëG� W S £
S �t��¦ r ´��V��£�l���  ?_ëG� W S �
S « ��¦ S ´��V��£�l���� ?_ëG� W S ®
S �t��¦ S ´��V��£ ¤ ��W ?_ëG� W S l
S « ��¦ £ ´��V��£ ¤ ��� ?_ëG� W Ss¤
S �t��¦ £ ´��V��£ ¤ ��¢ ?_ëG� W S k
S « ��¦ � ´��V��£ ¤ ��  ?_ëG� W S �
S �t��¦ � ´��V��£ ¤ ��� ?_ëG� W S »
S « ��¦ ® ´��V��£�k���W ?_ëG� W £ r
S �t��¦ ® ´��V��£�k���� ?_ëG� W £ S
S « ��¦ r�S ´��V��£�k���¢ ?_ëG� W £�£
S « ��¦ £(�(® ´��V��£�k���  ?_ëG� W £(�
S �t��¦ r�S ´��V��£(�V��� ?_ëG� W £ ¤ ì
S �t��¦ £(�(® ´��V��£(�V��¢ ?_ëG� W £�k(ì
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�p���$����
����O�<� ´��b�	��� �t�	)(� « )(�/!��$�	Y
£ « ��¦ r ´��V��£(»V��¢ ?_ëG� � r
£ �t��¦ r ´��V��£(»V��  ?_ëG� � S
£ « ��¦ S ´��V��£(»V��� ?_ëG� � £
£ �t��¦ S ´��V��� r ��W ?_ëG� � �
£ « ��¦ £ ´��V��� r ��� ?_ëG� � ®
£ �t��¦ £ ´��V��� r ��¢ ?_ëG� � l
£ « ��¦ � ´��V��� r ��  ?_ëG� � ¤
£ �t��¦ � ´��V��� r ��� ?_ëG� � k
£ « ��¦ ® ´��V��� S ��W ?_ëG� � �
£ �t��¦ ® ´��V��� S ��� ?_ëG� � »
£ « ��¦ r�S ´��V��� S ��¢ ?_ëG� � S+r
£ « ��¦ £(�(® ´��V��� S ��  ?_ëG� � S(S
£ �t��¦ r�S ´��V��� k���� ?_ëG� � £V® ì
£ �t��¦ £(�(® ´��V��� k���¢ ?_ëG� � £(l ì
� « ��¦ r ´��V��� S ��� ?_ëG� � S £
� �t��¦ r ´��V��� £���W ?_ëG� � S �
� « ��¦ S ´��V��� £���� ?_ëG� � S ®
� �t��¦ S ´��V��� £���¢ ?_ëG� � S l
� « ��¦ £ ´��V��� £���  ?_ëG� � S+¤
� �t��¦ £ ´��V��� £���� ?_ëG� � S k
� « ��¦ � ´��V�����V��W ?_ëG� � S �
� �t��¦ � ´��V�����V��� ?_ëG� � S »
� « ��¦ ® ´��V�����V��¢ ?_ëG� � £ r
� �t��¦ ® ´��V�����V��  ?_ëG� � £ S
� « ��¦ r�S ´��V�����V��� ?_ëG� � £(£
� « ��¦ £(�(® ´��V��� k���W ?_ëG� � £.�
� �t��¦ r�S ´��V��� k���  ?_ëG� � £ ¤ ì
� �t��¦ £(�(® ´��V��� k���� ?_ëG� � £(k(ì
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����O�<� ´��b�	��� �t�	)(� « )(�/!��$�	Y
® « ��¦ r ´��V� S ��W ?_ëG� ¢ r
® �t��¦ r ´��V� S ��� ?_ëG� ¢ S
® « ��¦ S ´��V� S �F¢ ?_ëG� ¢ £
® �t��¦ S ´��V� S ��  ?_ëG� ¢ �
® « ��¦ £ ´��V� S ��� ?_ëG� ¢ ®
® �t��¦ £ ´��V��£���W ?_ëG� ¢ l
® « ��¦ � ´��V��£���� ?_ëG� ¢ ¤
® �t��¦ � ´��V��£��F¢ ?_ëG� ¢ k
® « ��¦ ® ´��V��£���  ?_ëG� ¢ �
® �t��¦ ® ´��V��£���� ?_ëG� ¢ »
® « ��¦ r�S ´��V���V��W ?_ëG� ¢ Ssr
® « ��¦ £(�(® ´��V���V��� ?_ëG� ¢ S�S
® �t��¦ r�S ´��V��£(�V��  ?_ëG� ¢ £.® ì
® �t��¦ £(�(® ´��V��£(�V��� ?_ëG� ¢ £�l(ì
l « ��¦ r ´��V���V�F¢ ?_ëG� ¢ S £
l �t��¦ r ´��V���V��  ?_ëG� ¢ S �
l « ��¦ S ´��V���V��� ?_ëG� ¢ S ®
l �t��¦ S ´��V��®.��W ?_ëG� ¢ S l
l « ��¦ £ ´��V��®.��� ?_ëG� ¢ Ss¤
l �t��¦ £ ´��V��®.�F¢ ?_ëG� ¢ S k
l « ��¦ � ´��V��®.��  ?_ëG� ¢ S �
l �t��¦ � ´��V��®.��� ?_ëG� ¢ S »
l « ��¦ ® ´��V��l���W ?_ëG� ¢ £ r
l �t��¦ ® ´��V��l���� ?_ëG� ¢ £ S
l « ��¦ r�S ´��V��l��F¢ ?_ëG� ¢ £�£
l « ��¦ £(�(® ´��V��l���  ?_ëG� ¢ £(�
l �t��¦ r�S ´��V��£(»V��W ?_ëG� ¢ £ ¤ ì
l �t��¦ £(�(® ´��V��£(»V��� ?_ëG� ¢ £�k(ì
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