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�b�i�2�2�H�X �_�2�T�H���+�B�M�; �i�?�2 �+�Q�M�+�`�2�i�2 �r�B�i�? �b�i�2�2�H �B�M �� �e�X�d �K �U�?�Q�`�B�x�Q�M�i���H�V� �j �K �U�p�2�`�i�B�+���H�V� �j �K
�U�#�2���K �/�B�`�2�+�i�B�Q�M�V �p�Q�H�m�K�2 �`�2�/�m�+�2�b �i�?�2 �~�m�t �#�v ���M �Q�`�/�2�` �Q�7 �K���;�M�B�i�m�/�2�- �i�Q �y�X�j�N �J�>�x�- �`�2�/�m�+�B�M�;

�k�k



�6�B�;�m�`�2 �R�8�, �1�p�2�M�i �/�B�b�T�H���v �r�?�2�M �R�y�y �K�m�Q�M�b ���`�2 �;�2�M�2�`���i�2�/ �7�`�Q�K �i�?�2 �H�Q�+���i�B�Q�M �Q�7 �i�?�2 �Q�#�b�2�`�p�B�M�;
�?�Q�H�2�X �h�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �Q�#�b�2�`�p�B�M�; �?�Q�H�2 �B�b �i���F�2�M ���b �i�?�2 �Q�`�B�;�B�M ���M�/ �i�?�2 �}�;�m�`�2 �B�b �b�?�Q�r�M ���b
�b�2�2�M �7�`�Q�K �i�?�2 �v�@���t�B�b �/�B�`�2�+�i�B�Q�M�X �a�Q�K�2 �Q�7 �i�?�2 �K�m�Q�M�b �?�B�i �i�?�2 �E�P�h�P �A�A �#���`�`�2�H �/�2�i�2�+�i�Q�`�X

�i�?�2 �b�B�;�M���H �H�Q�b�b �/�m�2 �i�Q ���+�+�B�/�2�M�i���H �K�m�Q�M �?�B�i�b �i�Q �R�X�e�W�X

�k�j



�8 �.�2�i�2�+�i�Q�`

�8�X�R �*�Q�M�+�2�T�i �Q�7 �/�2�i�2�+�i�Q�`

�h�?�2 �b�B�;�M���i�m�`�2 �Q�7 �i�?�2K L ! � 0� � �/�2�+���v �B�b �i�r�Q �T�?�Q�i�Q�M�b �7�`�Q�K �i�?�2� 0 �/�2�+���v �r�B�i�?�Q�m�i ���M�v
�Q�i�?�2�` �/�2�i�2�+�i���#�H�2 �T���`�i�B�+�H�2�b�X �A�M ���/�/�B�i�B�Q�M�- �� �H���`�;�2 �i�`���M�b�p�2�`�b�2 �K�Q�K�2�M�i�m�K �UpT �V �Q�7 �i�?�2� 0 �B�b
�2�t�T�2�+�i�2�/ �/�m�2 �i�Q �i�?�2 �F�B�M�2�K���i�B�+�b �Q�7 �i�?�2 �/�2�+���v�X

�h�?�2 �/�2�i�2�+�i�Q�` �+�Q�M�+�2�T�i �B�b �i�?�2 �b���K�2 ���b �B�M �i�?�2 �E�P�h�P �2�t�T�2�`�B�K�2�M�i�X �h�?�2 �E�P�h�P �/�2�i�2�+�i�Q�`
�B�b �b�?�Q�r�M �B�M �6�B�;�X �R�e�X �h�?�2 �+���H�Q�`�B�K�2�i�2�` �U�ô�*�a�A�ô �B�M �i�?�2 �}�;�m�`�2�V �B�b �m�b�2�/ �i�Q �/�2�i�2�+�i �i�r�Q �T�?�Q�i�Q�M�b�X
�h�?�2 �2�p���+�m���i�2�/ �/�2�+���v �`�2�;�B�Q�M �m�T�b�i�`�2���K �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�` �B�b �b�m�`�`�Q�m�M�/�2�/ �#�v �i�?�2 �?�2�`�K�2�i�B�+
�p�2�i�Q�@�/�2�i�2�+�i�Q�` �b�v�b�i�2�K �i�Q �2�M�b�m�`�2 �i�?���i �M�Q �Q�i�?�2�` �/�2�i�2�+�i���#�H�2 �T���`�i�B�+�H�2�b ���`�2 �T�`�2�b�2�M�i�X �h�?�2 �/�2�+���v
�p�2�`�i�2�t �Q�7 �i�?�2� 0 �B�b �`�2�+�Q�M�b�i�`�m�+�i�2�/ �Q�M �i�?�2 �#�2���K ���t�B�b �#�v ���b�b�m�K�B�M�; �i�?�2 �M�Q�K�B�M���H� 0 �K���b�b �7�Q�`
�i�?�2 �B�M�p���`�B���M�i �K���b�b �Q�7 �i�?�2 �i�r�Q �T�?�Q�i�Q�M�b�X �q�B�i�? �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �/�2�+���v �p�2�`�i�2�t�- �i�?�2pT �Q�7
�i�?�2� 0 �+���M �#�2 �+���H�+�m�H���i�2�/�X �h�?�2 �/�B���K�2�i�2�` �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�` �B�b �k �K ���M�/ �i�?�2 �/�2�+���v �`�2�;�B�Q�M �B�b
�j �K �B�M �i�?�2 �E�P�h�P �2�t�T�2�`�B�K�2�M�i�X �q�2 �?���p�2 �#�2�2�M �m�b�B�M�; �i�?�2 �b�B�;�M���H �`�2�;�B�Q�M �r�B�i�?�B�M �k �K �B�M �i�?�2
�/�2�+���v �`�2�;�B�Q�M �7�`�Q�K �j �K �i�Q �8 �K �B�M �x �7�Q�` �i�?�2K L ! � 0� �� �b�2���`�+�?�X

�6�B�;�m�`�2 �R�e�, �h�?�2 �E�P�h�P �/�2�i�2�+�i�Q�`�X �h�?�2 �#�2���K �2�M�i�2�`�b �7�`�Q�K �i�?�2 �H�2�7�i�X �.�2�i�2�+�i�Q�` �+�Q�K�T�Q�M�2�M�i�b
�r�B�i�? �i�?�2�B�` ���#�#�`�2�p�B���i�2�/ �M���K�2�b �r�`�B�i�i�2�M �B�M �#�H�m�2 �`�2�;�m�H���` �U�B�M �;�`�2�2�M �`�2�;�m�H���` ���M�/ �m�M�/�2�`�H�B�M�2�/�V
���`�2 �T�?�Q�i�Q�M �U�+�?���`�;�2�/�@�T���`�i�B�+�H�2�V �p�2�i�Q �+�Q�m�M�i�2�`�b�X

�"���+�F�;�`�Q�m�M�/�b �+���M �#�2 �+�H���b�b�B�}�2�/ �B�M�i�Q �i�?�`�2�2 �+���i�2�;�Q�`�B�2�b�,K L �/�2�+���v�b�-K � �/�2�+���v�b�- ���M�/ �?���H�Q�@
�M�2�m�i�`�Q�M �#���+�F�;�`�Q�m�M�/�b�X

�Ç K L �/�2�+���v�b
�h�?�2K L �/�2�+���v�b �r�B�i�? �#�`���M�+�?�B�M�; �7�`���+�i�B�Q�M�b �H���`�;�2�` �i�?���M10� 4 ���`�2 �H�B�b�i�2�/ �B�M �h���#�H�2 �j�X
K L ! � � e� � �U�E�2�j�V�-K L ! � � � � � �U�E� �j�V�-K L ! � + � � �- ���M�/K L ! 2
 �?���p�2 �Q�M�H�v
�i�r�Q �Q�#�b�2�`�p���#�H�2 �T���`�i�B�+�H�2�b �B�M �i�?�2 �}�M���H �b�i���i�2�X �h�?�2 �E�2�j�- �E� �j�- ���M�/K L ! � + � � �/�2�+���v�b
�+���M �#�2 �`�2�/�m�+�2�/ �#�v �B�/�2�M�i�B�7�v�B�M�; �i�?�2 �+�?���`�;�2�/ �T���`�i�B�+�H�2�b�X �h�?�2K L ! 2
 �/�2�+���v �+���M �#�2
�`�2�/�m�+�2�/ �#�v �`�2�[�m�B�`�B�M�; �H���`�;�2pT �7�Q�` �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/� 0�- ���H�i�?�Q�m�;�? �� �7���F�2� 0 �+���M �#�2
�`�2�+�Q�M�b�i�`�m�+�i�2�/ �7�`�Q�K �i�?�2 �i�r�Q �+�H�m�b�i�2�`�b �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�`�X ��K L �r�?�B�+�? �b�T�`�2���/�b �Q�m�i
�B�M�i�Q �i�?�2 �#�2���K�@�?���H�Q �`�2�;�B�Q�M �B�b �+���H�H�2�/ �� �ó�?���H�QK L �ô�X �q�?�2�M �b�m�+�? �� �?���H�QK L �/�2�+���v�b �B�M�i�Q
�i�r�Q �T�?�Q�i�Q�M�b�- �B�i�b �`�2�+�Q�M�b�i�`�m�+�i�2�/pT �+���M �#�2 �H���`�;�2�` �#�2�+���m�b�2 �i�?�2K L �B�i�b�2�H�7 �?���bpT ���M�/
�#�2�+���m�b�2 �i�?�2 �p�2�`�i�2�t �B�b �`�2�+�Q�M�b�i�`�m�+�i�2�/ �Q�M �i�?�2 �#�2���K ���t�B�b ���b�b�m�K�B�M�; �i�?�2� 0 �K���b�b�X �h�?�B�b
�?���H�QK L ! 2
 �#���+�F�;�`�Q�m�M�/ �+���M �#�2 �`�2�/�m�+�2�/ �r�B�i�? �B�M�+�B�/�2�M�i�@���M�;�H�2 �B�M�7�Q�`�K���i�B�Q�M �Q�M �i�?�2
�T�?�Q�i�Q�M�b ���i �i�?�2 �+���H�Q�`�B�K�2�i�2�`�X �h�?�2 �Q�i�?�2�`K L �/�2�+���v�b �?���p�2 �K�Q�`�2 �i�?���M �i�r�Q �T���`�i�B�+�H�2�b �B�M
�i�?�2 �}�M���H �b�i���i�2�- ���M�/ �2�t�i�`�� �T���`�i�B�+�H�2�b �r�?�B�+�? ���`�2 �M�Q�i �m�b�2�/ �i�Q �`�2�+�Q�M�b�i�`�m�+�i ��� 0 �+���M �#�2
�m�b�2�/ �i�Q �p�2�i�Q �i�?�2 �2�p�2�M�i�b�X

�Ç K � �/�2�+���v�b
K � �b ���`�2 �;�2�M�2�`���i�2�/ �7�`�Q�K �i�?�2 �B�M�i�2�`���+�i�B�Q�M �Q�7K L �b�- �M�2�m�i�`�Q�M�b�- �Q�`� � �b �B�M �i�?�2 �+�Q�H�H�B�K���i�Q�`
�B�M �i�?�2 �#�2���K �H�B�M�2�X �h�?�2 �b�2�+�Q�M�/ �b�r�2�2�T�B�M�; �K���;�M�2�i �M�2���` �i�?�2 �2�M�i�`���M�+�2 �Q�7 �i�?�2 �/�2�i�2�+�i�Q�`

�k�9



�r�B�H�H �`�2�/�m�+�2 �i�?�2 �+�Q�M�i�`�B�#�m�i�B�Q�M�X �a�Q�K�2K � �+���M �T���b�b �i�?�`�Q�m�;�? �i�?�2 �b�2�+�Q�M�/ �K���;�M�2�i ���M�/
�/�2�+���v�b ���bK � ! � 0e� � �B�M �i�?�2 �/�2�i�2�+�i�Q�`�X �h�?�B�b �#�2�+�Q�K�2�b �� �#���+�F�;�`�Q�m�M�/ �B�7 �i�?�2e� �B�b
�m�M�/�2�i�2�+�i�2�/�X �h�?�2 �F�B�M�2�K���i�B�+�b �Q�7 �i�?�2� 0 �B�b �b�B�K�B�H���` �i�QK L ! � 0� � �- ���M�/ �i�?�m�b �i�?�B�b �/�2�+���v
�B�b �Q�M�2 �Q�7 �i�?�2 �K�Q�`�2 �b�2�`�B�Q�m�b �#���+�F�;�`�Q�m�M�/�b�X �.�2�i�2�+�i�B�Q�M �Q�7e� �b �B�b �Q�M�2 �Q�7 �i�?�2 �F�2�v�b �i�Q �`�2�/�m�+�2
�i�?�2 �#���+�F�;�`�Q�m�M�/�X

�Ç �>���H�Q�@�M�2�m�i�`�Q�M �#���+�F�;�`�Q�m�M�/
�L�2�m�i�`�Q�M�b �B�M �i�?�2 �#�2���K �?���H�Q �U�?���H�Q �M�2�m�i�`�Q�M�b�V �+���M �B�M�i�2�`���+�i �r�B�i�? �i�?�2 �/�2�i�2�+�i�Q�` �K���i�2�@
�`�B���H ���M�/ �T�`�Q�/�m�+�2� 0�b �Q�`� �b�- �r�?�B�+�? �+���M �/�2�+���v �B�M�i�Q �i�r�Q �T�?�Q�i�Q�M�b �r�B�i�? �H���`�;�2 �#�`���M�+�?�@
�B�M�; �7�`���+�i�B�Q�M�b �U�N�3�X�3�W �7�Q�`� 0�- �j�N�X�9�W �7�Q�`� �V�X �J�B�M�B�K�B�x�B�M�; �K���i�2�`�B���H �M�2���` �i�?�2 �#�2���K �B�b
�2�b�b�2�M�i�B���H �i�Q �`�2�/�m�+�2 �i�?�2�b�2 �#���+�F�;�`�Q�m�M�/�b�X �h�?�2 �7�m�H�H�v ���+�i�B�p�2 �/�2�i�2�+�i�Q�` �r�B�H�H �`�2�/�m�+�2 �i�?�2
�#���+�F�;�`�Q�m�M�/ �#�v �2�{�+�B�2�M�i�H�v �/�2�i�2�+�i�B�M�; �Q�i�?�2�` �T���`�i�B�+�H�2�b �;�2�M�2�`���i�2�/ �B�M� 0 �Q��̀ �T�`�Q�/�m�+�i�B�Q�M�X
�h�?�B�b �#���+�F�;�`�Q�m�M�/ �+���M �#�2 �7�m�`�i�?�2�` �b�m�T�T�`�2�b�b�2�/ �B�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�` �+���M �T�`�Q�p�B�/�2 �B�M�7�Q�`�K���@
�i�B�Q�M �Q�M �i�?�2 �T�?�Q�i�Q�M ���M�;�H�2 �Q�7 �B�M�+�B�/�2�M�+�2�X ���M�Q�i�?�2�` �i�v�T�2 �Q�7 �?���H�Q�@�M�2�m�i�`�Q�M �#���+�F�;�`�Q�m�M�/ �B�b
�ó�?���/�`�Q�M �+�H�m�b�i�2�` �#���+�F�;�`�Q�m�M�/�ô�, �� �?���H�Q �M�2�m�i�`�Q�M �?�B�i�b �i�?�2 �+���H�Q�`�B�K�2�i�2�` �i�Q �T�`�Q�/�m�+�2 �� �}�`�b�i
�?���/�`�Q�M�B�+ �b�?�Q�r�2�`�- ���M�/ ���M�Q�i�?�2�` �M�2�m�i�`�Q�M �B�M �i�?�2 �b�?�Q�r�2�` �i�`���p�2�H�b �B�M�b�B�/�2 �i�?�2 �+���H�Q�`�B�K�2�i�2�`�-
�T�`�Q�/�m�+�B�M�; �� �b�2�+�Q�M�/ �?���/�`�Q�M�B�+ �b�?�Q�r�2�` ���i �b�Q�K�2 �/�B�b�i���M�+�2 �7�`�Q�K �i�?�2 �}�`�b�i �Q�M�2�X �h�?�2�b�2 �i�r�Q
�?���/�`�Q�M�B�+ �+�H�m�b�i�2�`�b �+���M ���H�b�Q �;�B�p�2 �� �p�2�`�i�2�t �B�M�b�B�/�2 �i�?�2 �b�B�;�M���H �`�2�;�B�Q�M �r�B�i�? �i�?�2� 0 �K���b�b
�?�v�T�Q�i�?�2�b�B�b ���T�T�H�B�2�/�- �K�B�K�B�+�F�B�M�; �i�?�2 �b�B�;�M���H�X

�h���#�H�2 �j�, �S�`�Q�T�2�`�i�B�2�b �Q�7K L �/�2�+���v�b �B�M�i�Q �i�?�2 �b�B�;�M���H �+�?���M�M�2�H ���M�/ �#���+�F�;�`�Q�m�M�/ �+�?���M�M�2�H�b �r�B�i�?
�i�?�2 �#�`���M�+�?�B�M�; �7�`���+�i�B�Q�M �H���`�;�2�` �i�?���M10� 4�X

�.�2�+���v �K�Q�/�2 �#�`���M�+�?�B�M�; �7�`���+�i�B�Q�M� 0 �K���t�B�K�m�KpT �F�2�v �i�Q �`�2�/�m�+�2 �#���+�F�;�`�Q�m�M�/
� 0� � 3 � 10� 11 �U�B�M �a�J�V230 MeV=c
� � e� � �9�y�X�e�W �+�?���`�;�2�/ �T���`�i�B�+�H�2 �A�.
� � � � � �k�d�X�y�W �+�?���`�;�2�/ �T���`�i�B�+�H�2 �A�.
3� 0 �R�N�X�8�W 139 MeV=c �2�t�i�`���@�T�?�Q�i�Q�M �p�2�i�Q
� + � � � 0 �R�k�X�8�W 133 MeV=c �+�?���`�;�2�/�@�T���`�i�B�+�H�2 �p�2�i�Q
� + � � 1:97� 10� 3 �+�?���`�;�2�/ �T���`�i�B�+�H�2 �A�.
2� 0 8:64� 10� 4 209 MeV=c �2�t�i�`���@�T�?�Q�i�Q�M �p�2�i�Q
� � e� �
 3:79� 10� 3 �2�t�i�`���@�T���`�i�B�+�H�2 �p�2�i�Q
� � � � �
 5:65� 10� 4 �2�t�i�`���@�T���`�i�B�+�H�2 �p�2�i�Q
2
 5:47� 10� 4 pT �Q�7 �`�2�+�Q�M�b�i�`�m�+�i�2�/� 0

�8�X�k �*�Q�M�+�2�T�i�m���H �/�2�i�2�+�i�Q�` �7�Q�` �i�?�2 �#���b�2 �/�2�b�B�;�M

�� �+�Q�M�+�2�T�i�m���H �/�2�i�2�+�i�Q�` �m�b�2�/ �B�M �i�?�2 �#���b�2�H�B�M�2 �/�2�b�B�;�M �Q�7 �E�P�h�P �A�A �B�b �b�?�Q�r�M �B�M �6�B�;�X �R�d�X �q�2
�/�2�}�M�2 �i�?�2z ���t�B�b �Q�M �i�?�2 �#�2���K ���t�B�b �T�Q�B�M�i�B�M�; �/�Q�r�M�b�i�`�2���K �r�B�i�? �i�?�2 �Q�`�B�;�B�M ���i �i�?�2 �m�T�b�i�`�2���K
�b�m�`�7���+�2 �Q�7 �i�?�2 �6�`�Q�M�i �"���`�`�2�H �*�Q�m�M�i�2�`�- �r�?�B�+�? �B�b �9�9 �K �7�`�Q�K �i�?�2 �h�k �i���`�;�2�i �U�9�j�@�K �H�Q�M�; �#�2���K
�H�B�M�2 ���M�/ �R�@�K �H�Q�M�; �b�T���+�2�V�X �q�2 �m�b�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �+�Q�M�+�2�T�i�m���H �/�2�i�2�+�i�Q�`�, �h�?�2 �/�B���K�2�i�2�` �Q�7
�i�?�2 �+���H�Q�`�B�K�2�i�2�` �B�b �j �K �i�Q �;���B�M �i�?�2 �b�B�;�M���H ���+�+�2�T�i���M�+�2�c �i�?�2 �#�2���K �?�Q�H�2 �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�` �B�b
�k�y �+�K� �k�y �+�K �i�Q ���+�+�2�T�i �i�?�2 �R�8 �+�K� �R�8 �+�K �#�2���K �b�B�x�2�c �i�?�2z �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�`
�B�b �k�y �K �r�B�i�? �� �H���`�;�2�` �/�2�+���v �p�Q�H�m�K�2 �i�Q �2�M�?���M�+�2 �i�?�2K L �/�2�+���v�X �h�?�2 �H���`�;�2�` �/�2�+���v �p�Q�H�m�K�2 �B�b
�2�z�2�+�i�B�p�2 �B�M �E�P�h�P �A�A�- �#�2�+���m�b�2 �i�?�2 �#�Q�Q�b�i �7�`�Q�K �i�?�2 �?�B�;�?�2�`K L �K�Q�K�2�M�i�m�K �+�Q�H�H�B�K���i�2�b �i�?�2
�}�M���H �b�i���i�2 �T�?�Q�i�Q�M�b �7�Q�` �b�B�;�M���H �2�p�2�M�i�b�- �F�2�2�T�B�M�; �i�?�2�K �r�B�i�?�B�M �i�?�2 ���+�+�2�T�i���M�+�2�X

�h�?�2 �*�?���`�;�2�/ �o�2�i�Q �*�Q�m�M�i�2�` �B�b �� �+�?���`�;�2�/�@�T���`�i�B�+�H�2 �p�2�i�Q �+�Q�m�M�i�2�` �T�Q�b�B�i�B�Q�M�2�/ �j�y �+�K �m�T�@
�b�i�`�2���K �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�` �i�Q �p�2�i�QK L ! � � e� � �-K L ! � � � � � �- �Q�K̀ L ! � + � � � 0�X �h�?�2

�k�8



�6�B�;�m�`�2 �R�d�, �*�Q�M�+�2�T�i�m���H �E�P�h�P �A�A �/�2�i�2�+�i�Q�`�X �h�?�2 �m�T�b�i�`�2���K �2�/�;�2 �Q�7 �i�?�2 �6�`�Q�M�i �"���`�`�2�H �*�Q�m�M�i�2�`
�B�b �9�9 �K �7�`�Q�K �i�?�2 �h�k �i���`�;�2�i�X

�#�2���K �?�Q�H�2 ���i �i�?�2 �*�?���`�;�2�/ �o�2�i�Q �*�Q�m�M�i�2�` �B�b �k�9 �+�K� �k�9 �+�K �i�Q ���p�Q�B�/ �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �Q�7
� 0�b �Q�`� �b �7�`�Q�K �M�2�m�i�`�Q�M �B�M�i�2�`���+�i�B�Q�M�b�X �h�?�2 �"���`�`�2�H �*�Q�m�M�i�2�` �B�b �k�y�@�K �H�Q�M�; ���M�/ �B�b �K���B�M�H�v �m�b�2�/
�i�Q �p�2�i�QK L ! 2� 0 �/�2�+���v�b �#�v �/�2�i�2�+�i�B�M�; �i�?�2 ���/�/�B�i�B�Q�M���H �T�?�Q�i�Q�M�b�X �i�?�2 �l�T�b�i�`�2���K �*�Q�H�H���`
�*�Q�m�M�i�2�` �B�b �y�X�8�@�K �H�Q�M�; �i�Q �p�2�i�QK L ! 3� 0 �/�2�+���v�b �m�T�b�i�`�2���K �Q�7 ���M�/ �B�M�b�B�/�2 �i�?�B�b �+�Q�m�M�i�2�`�X
�h�?�2 �.�Q�r�M�b�i�`�2���K �*�Q�H�H���` �*�Q�m�M�i�2�` �B�b �9�@�K �H�Q�M�; ���M�/ �p�2�i�Q�2�b �T���`�i�B�+�H�2�b �T���b�b�B�M�; �i�?�`�Q�m�;�? �i�?�2
�#�2���K �?�Q�H�2 �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�` �#�m�i ���i ���M�;�H�2�b �+���m�b�B�M�; �i�?�2�K �i�Q �2�t�B�i �i�?�2 �#�2���K �`�2�;�B�Q�M�X �h�?�2
�"�2���K �>�Q�H�2 �*�Q�m�M�i�2�` �+�Q�p�2�`�b �i�?�2 �B�M�@�#�2���K �`�2�;�B�Q�M �b�i���`�i�B�M�; �7�`�Q�Kz = 24:5 �K �i�Q �p�2�i�Q �T���`�@
�i�B�+�H�2�b �2�b�+���T�B�M�; �i�?�`�Q�m�;�? �i�?�2 �+���H�Q�`�B�K�2�i�2�` �#�2���K �?�Q�H�2�X �h�?�2 �"���`�`�2�H �*�Q�m�M�i�2�`�- �i�?�2 �l�T�b�i�`�2���K
�*�Q�H�H���` �*�Q�m�M�i�2�`�- �i�?�2 �*�2�M�i�`���H �"���`�`�2�H �*�Q�m�M�i�2�`�- ���M�/ �i�?�2 �.�Q�r�M�b�i�`�2���K �*�Q�H�H���` �*�Q�m�M�i�2�`�- ���+�i ���b
�#�Q�i�? �T�?�Q�i�Q�M ���M�/ �+�?���`�;�2�/�@�T���`�i�B�+�H�2 �p�2�i�Q�2�b �7�Q�` �i�?�2 �+�Q�M�+�2�T�i�m���H �/�2�b�B�;�M�X �6�Q�` �i�?�2 �"�2���K �>�Q�H�2
�*�Q�m�M�i�2�`�- �r�2 �B�M�i�`�Q�/�m�+�2 �i�r�Q �b�2�T���`���i�2 �+�Q�m�M�i�2�`�b�- �� �#�2���K�@�?�Q�H�2 �+�?���`�;�2�/�@�p�2�i�Q �+�Q�m�M�i�2�` ���M�/ ��
�#�2���K�@�?�Q�H�2 �T�?�Q�i�Q�M�@�p�2�i�Q �+�Q�m�M�i�2�`�X �h�?�2 �}�/�m�+�B���H �b�B�;�M���H �`�2�;�B�Q�M �B�b �/�2�}�M�2�/ ���b �� �R�k�@�K �`�2�;�B�Q�M
�7�`�Q�K �j �K �i�Q �R�8 �K �B�Mz�X

�q�2 �m�b�2 �i�?�2 �+�Q�M�+�2�T�i�m���H �/�2�i�2�+�i�Q�` �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�2�+�i�B�Q�M�b �i�Q �2�p���H�m���i�2 �i�?�2 �b�B�;�M���H ���+�+�2�T�@
�i���M�+�2�- �i�?�2 �#���+�F�;�`�Q�m�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M�b�- ���M�/ �i�?�2 �?�B�i �`���i�2�b�X

�8�X�j �"���b�2 �/�2�b�B�;�M �Q�7 �/�2�i�2�+�i�Q�`

�� �#���b�2 �/�2�b�B�;�M �Q�7 �i�?�2 �/�2�i�2�+�i�Q�` �B�b �2�t�T�H���B�M�2�/ �7�Q�` �K�Q�/�2�H�B�M�; �i�?�2 �/�2�i�2�+�i�Q�` �T�2�`�7�Q�`�K���M�+�2 ���M�/ �7�Q�`
�i�?�2 �+�Q�b�i �2�p���H�m���i�B�Q�M�X �� �j�. �+�m�i���r���v �p�B�2�r �Q�7 �i�?�2 �#���b�2 �/�2�b�B�;�M �B�b �b�?�Q�r�M �B�M �6�B�;�X �R�3�U���V�X �J�Q�b�i
�Q�7 �i�?�2 �+�Q�m�M�i�2�`�b ���`�2 �B�M �i�?�2 �p���+�m�m�K �i���M�F�X �h�?�2 �`�2�;�B�Q�M �Q�7 �+�Q�`�2 �#�2���K ���M�/ �B�i�b �?���H�Q �b�?�Q�m�H�/
�#�2 �2�p���+�m���i�2�/ �i�Q10� 5 �S�� �i�Q �`�2�/�m�+�2 �i�?�2 �B�M�i�2�`���+�i�B�Q�M �Q�7 �#�2���K �T���`�i�B�+�H�2�b �i�Q �i�?�2 �`�2�b�B�/�m���H �;���b�-
�#�2�+���m�b�2 ��� 0 �Q��̀ �+�Q�m�H�/ �#�2 �;�2�M�2�`���i�2�/ �i�?�Q�m�;�? �i�?�2 �B�M�i�2�`���+�i�B�Q�M ���M�/ �#�2�+�Q�K�2 �� �#���+�F�;�`�Q�m�M�/
�b�Q�m�`�+�2�X

�h�?�2 �"���`�`�2�H �*�Q�m�M�i�2�` �B�b �� �b���M�/�r�B�+�? �+�Q�m�M�i�2�` �r�B�i�? �R�@�K�K �i�?�B�+�F �H�2���/ ���M�/ �8�@�K�K �i�?�B�+�F
�T�H���b�i�B�+�@�b�+�B�M�i�B�H�H���i�Q�` �T�H���i�2�b�X �h�?�2 �H���v�2�`�b ���`�2 �b�i���+�F�2�/ �B�M �i�?�2z �/�B�`�2�+�i�B�Q�M�X �h�?�2 �+�Q�m�M�i�2�` �?���b ��
�K�Q�/�m�H���` �b�i�`�m�+�i�m�`�2 �B�Mz ���M�/� �/�B�`�2�+�i�B�Q�M�b�X �h�?�2 �K�Q�/�m�H�2z�@�H�2�M�;�i�? �B�b80 cm�X �h�?�2 �M�m�K�#�2�` �Q�7
� �/�B�p�B�b�B�Q�M�b �B�b �k�y���j�k �/�2�T�2�M�/�B�M�; �Q�M �i�?�2z �T�Q�b�B�i�B�Q�M�X �h�?�2 �K�Q�/�m�H�2 �?�B�i �`���i�2 �B�b �`�2�/�m�+�2�/�- ���M�/
�i�?�2z �+�Q�Q�`�/�B�M���i�2 �+���M �#�2 �Q�#�i���B�M�2�/ �r�B�i�? �i�?�2z �b�2�;�K�2�M�i���i�B�Q�M�X

�h�?�2 �l�T�b�i�`�2���K �*�Q�H�H���` �*�Q�m�M�i�2�` �+�Q�M�b�B�b�i�b �Q�7 �8�y�@�+�K �H�Q�M�; �m�M�/�Q�T�2�/ �*�b�A �+�`�v�b�i���H�b �U27X 0�V�X
�h�?�2 �H���i�2�`���H �b�2�;�K�2�M�i���i�B�Q�M ���M�/ �i�?�2 �7���b�i �`�2�b�T�Q�M�b�2 �Q�7 �m�M�/�Q�T�2�/ �*�b�A �?�2�H�T �B�i�b �Q�T�2�`���i�B�Q�M �B�M �i�?�2
�?�B�;�? �`���i�2�X

�k�e



�h�?�2 �*�?���`�;�2�/ �o�2�i�Q �*�Q�m�M�i�2�` �H�Q�+���i�2�/ �j�y�@�+�K �m�T�b�i�`�2���K �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�` �B�b �� �T�H���b�i�B�+
�b�+�B�M�i�B�H�H���i�Q�` �B�M7 cm� 7 cm �i�B�H�2�b �7�Q�` �i�?�2 �#���b�2 �/�2�b�B�;�M�X

�h�?�2 �+���H�Q�`�B�K�2�i�2�` �b�?�Q�r�M �B�M �6�B�;�X �R�3 �U�#�V �+�Q�M�b�B�b�i�b �Q�72:5 cm � 2:5 cm � 50 cm �m�M�/�Q�T�2�/
�*�b�A �+�`�v�b�i���H�b �U�i�?�2 �+�2�M�i�`���H �Q�`���M�;�2 �`�2�;�B�Q�M�V ���M�/5 cm� 5 cm� 50 cm �m�M�/�Q�T�2�/ �*�b�A �+�`�v�b�i���H�b
�U�i�?�2 �Q�m�i�2�` �#�H���+�F ���M�/ �#�H�m�2 �`�2�;�B�Q�M�V�X �h�?�2 �Q�`���M�;�2 ���M�/ �#�H���+�F �`�2�;�B�Q�M�b �+���M �#�2 �T�`�2�T���`�2�/ �r�B�i�?
�+�m�`�`�2�M�i �2�t�B�b�i�B�M�; �+�`�v�b�i���H�b�X �L�2�r �+�`�v�b�i���H�b ���`�2 �M�2�2�/�2�/ �B�M �i�?�2 �#�H�m�2 �`�2�;�B�Q�M�X �h�?�2 �+���H�Q�`�B�K�2�i�2�` �B�b
�b�m�`�`�Q�m�M�/�2�/ �#�v �p�2�i�Q �+�Q�m�M�i�2�`�b �U�`�2�/�V �r�B�i�? �i�?�2 �b�B�x�220 cm� 20 cm� 50 cm�X �h�?�2 �Q�m�i�2�` �p�2�i�Q
�+�Q�m�M�i�2�` �+�Q�M�b�B�b�i�b �Q�7 �H�2���/ ���M�/ �T�H���b�i�B�+�@�b�+�B�M�i�B�H�H���i�Q�` �T�H���i�2�b�X

�h�?�2 �"�2���K �>�Q�H�2 �*�?���`�;�2�/ �o�2�i�Q �+�Q�m�M�i�2�` �+�Q�M�b�B�b�i�b �Q�7 �i�?�`�2�2 �H���v�2�`�b �Q�7 �i�?�B�M �J�q�S�* �;���b�@
�r�B�`�2 �+�?���K�#�2�`�b �U�h�?�B�M �:���T �*�?���K�#�2�`�b�V ���b �B�M �i�?�2 �E�P�h�P �2�t�T�2�`�B�K�2�M�i�X �h�?�2 �r�B�`�2 �B�M�i�2�`�p���H
�B�b �R�X�3 �K�K�- ���M�/ �i�?�2 �r�B�`�2�@�i�Q�@�+���i�?�Q�/�2 �;���T �B�b �R�X�9 �K�K�X �h�?�2 �+���i�?�Q�/�2 �B�b �� �+���`�#�Q�M�@�+�Q���i�2�/
50�’m�@�i�?�B�+�F �7�Q�B�H�X

�h�?�2 �"�2���K �>�Q�H�2 �S�?�Q�i�Q�M �o�2�i�Q �+�Q�m�M�i�2�` �+�Q�M�b�B�b�i�b �Q�7 �k�8 �K�Q�/�m�H�2�b �Q�7 �H�2���/ ���M�/ ���2�`�Q�;�2�H
�*�?�2�`�2�M�F�Q�p �+�Q�m�M�i�2�`�b ���b �B�M �E�P�h�P�X

�U���V �U�#�V

�6�B�;�m�`�2 �R�3�, �U���V �j�. �+�m�i���r���v �p�B�2�r �Q�7 �� �K�Q�/�2�H �7�Q�` �i�?�2 �#���b�2 �/�2�i�2�+�i�Q�` �/�2�b�B�;�M�X �U�#�V �S�H���M�2
�p�B�2�r �Q�7 �i�?�2 �#���b�2 �/�2�b�B�;�M �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�`�X �h�?�2 �+���H�Q�`�B�K�2�i�2�` �+�Q�M�b�B�b�i�b �Q�72:5 cm� 2:5 cm�
50 cm�m�M�/�Q�T�2�/ �*�b�A �+�`�v�b�i���H�b �U�i�?�2 �+�2�M�i�`���H �Q�`���M�;�2 �`�2�;�B�Q�M�V ���M�/5 cm� 5 cm� 50 cm�m�M�/�Q�T�2�/
�*�b�A �+�`�v�b�i���H�b �U�i�?�2 �Q�m�i�2�` �#�H���+�F ���M�/ �#�H�m�2 �`�2�;�B�Q�M�b�V�X �h�?�2 �+���H�Q�`�B�K�2�i�2�` �B�b �b�m�`�`�Q�m�M�/�2�/ �#�v �p�2�i�Q
�+�Q�m�M�i�2�`�b �U�`�2�/�V �r�B�i�? �i�?�2 �b�B�x�220 cm� 20 cm� 50 cm�X �h�?�2 �p�2�i�Q �+�Q�m�M�i�2�` �B�b �� �b���M�/�r�B�+�?
�+�Q�m�M�i�2�` �r�B�i�? �R�@�K�K�@�i�?�B�+�F �H�2���/ ���M�/ �8�@�K�K�@�i�?�B�+�F �T�H���b�i�B�+�@�b�+�B�M�i�B�H�H���i�Q�` �T�H���i�2�b�X �h�?�2 �K�Q�/�m�H�2�b
�Q�7 �i�?�2 �"���`�`�2�H �*�Q�m�M�i�2�` �D�m�b�i �m�T�b�i�`�2���K �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�` ���`�2 �T�`�Q�D�2�+�i�2�/ �B�M�i�Q �i�?�2 �T�H���M�2 �r�B�i�?
�;�`�2�2�M �H�B�M�2�b�X �h�?�2 �#�H���+�F �`�2�;�B�Q�M �+���M �#�2 �T�`�2�T���`�2�/ �r�B�i�? �+�m�`�`�2�M�i �2�t�B�b�i�B�M�; �+�`�v�b�i���H�b�X �L�2�r �+�`�v�b�i���H�b
���`�2 �M�2�2�/�2�/ �B�M �i�?�2 �#�H�m�2 �`�2�;�B�Q�M�X

�8�X�9 �J�Q�/�2�H�B�M�; �Q�7 �/�2�i�2�+�i�Q�` �`�2�b�T�Q�M�b�2

�h�?�2 �B�M�i�2�`���+�i�B�Q�M �Q�7 �T���`�i�B�+�H�2�b �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�` �+���M �#�2 �K�Q�/�2�H�2�/ �B�M �i�2�`�K�b �Q�7 �i�?�2�2�M�2�`�;�v �f
�T�Q�b�B�i�B�Q�M �`�2�b�Q�H�m�i�B�Q�M�b�- ���M�/�i�r�Q�@�T�?�Q�i�Q�M �7�m�b�B�Q�M �T�`�Q�#���#�B�H�B�i�v�U�i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�Q �B�/�2�M�i�B�7�v
�i�r�Q �B�M�+�B�/�2�M�i �T�?�Q�i�Q�M�b �M�2���`�#�v ���b �� �b�B�M�;�H�2 �+�H�m�b�i�2�`�V�X �h�?�2 �B�M�i�2�`���+�i�B�Q�M �Q�7 �T���`�i�B�+�H�2�b �r�B�i�? �`�2�b�T�2�+�i
�i�Q �i�?�2 �p�2�i�Q �T�2�`�7�Q�`�K���M�+�2 �B�b �K�Q�/�2�H�2�/ �#�v�B�M�2�{�+�B�2�M�+�v���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �T���`�i�B�+�H�2 �i�v�T�2�-
�i�?�2 �B�M�+�B�/�2�M�i �2�M�2�`�;�v�- ���M�/ �i�?�2 �B�M�+�B�/�2�M�i ���M�;�H�2�X �h�B�K�2 �b�K�2���`�B�M�; �7�Q�` �?�B�i�b �B�M �i�?�2 �*�2�M�i�`���H �"���`�`�2�H
�*�Q�m�M�i�2�` �B�b ���T�T�H�B�2�/ �7�Q�` �b�Q�K�2 �b�i�m�/�B�2�b�X �P�i�?�2�` �2�M�2�`�;�v �Q�` �i�B�K�2 �b�K�2���`�B�M�; �B�b �M�Q�i ���T�T�H�B�2�/ �7�Q�` �i�?�2
�p�2�i�Q �+�Q�m�M�i�2�`�b�X

�h�?�2 �T�?�Q�i�Q�M�@�/�2�i�2�+�i�B�Q�M �B�M�2�{�+�B�2�M�+�v �Q�7 �i�?�2 �#���`�`�2�H �+�Q�m�M�i�2�` �B�b �2�b�i�B�K���i�2�/ �r�B�i�? �� �7�m�H�H�@�b�?�Q�r�2�`
�b�B�K�m�H���i�B�Q�M �r�B�i�? �i�?�2 �+�Q�m�M�i�2�` �B�M �i�?�2 �#���b�2 �/�2�b�B�;�M�X �h�?�2 �B�M�2�{�+�B�2�M�+�v �Q�7 �i�?�2 �B�M�@�#�2���K �/�2�i�2�+�i�Q�`

�k�d



�U�i�?�2 �"�2���K �>�Q�H�2 �*�Q�m�M�i�2�` �B�M �i�?�2 �+�Q�M�+�2�T�i�m���H �/�2�i�2�+�i�Q�`�V �B�b �#���b�2�/ �Q�M �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2
�+�m�`�`�2�M�i �/�2�i�2�+�i�Q�` �B�M �E�P�h�P�X �h�?�2 �Q�i�?�2�` �K�Q�/�2�H�B�M�;�b ���`�2 �i�?�2 �b���K�2 ���b �B�M �i�?�2 �T�`�Q�T�Q�b���H �(�j�8�)�X

�8�X�9�X�R �1�M�2�`�;�v �f �T�Q�b�B�i�B�Q�M �`�2�b�Q�H�m�i�B�Q�M�b �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�`

�h�?�2pT ���M�/zvtx �`�2�b�Q�H�m�i�B�Q�M�b �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/� 0 ���`�2 ���z�2�+�i�2�/ �#�v �i�?�2 �2�M�2�`�;�v ���M�/ �T�Q�b�B�i�B�Q�M
�`�2�b�Q�H�m�i�B�Q�M�b �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�`�X

�h�?�2 �2�M�2�`�;�v �`�2�b�Q�H�m�i�B�Q�M �B�b �K�Q�/�2�H�2�/ ���b �7�Q�H�H�Q�r�b�,

� E

E
=

 

1 �
2

p
E(GeV)

!

%:

�h�?�2 �T�Q�b�B�i�B�Q�M �`�2�b�Q�H�m�i�B�Q�M �B�b �K�Q�/�2�H�2�/ ���b �7�Q�H�H�Q�r�b�,

� x =
5

p
E(GeV)

(mm) :

�h�?�2 �+�Q�K�T���`�B�b�Q�M�b �#�2�i�r�2�2�M �i�?�2 �K�Q�/�2�H ���M�/ ���+�i�m���H �K�2���b�m�`�2�K�2�M�i�b �B�M �i�?�2 �2�t�B�b�i�B�M�; �E�P�h�P
�+���H�Q�`�B�K�2�i�2�` ���`�2 �b�?�Q�r�M �B�M �6�B�;�X �R�N �(�9�j�)�X �A�M �i�?�2 �B�M�M�2�` �`�2�;�B�Q�M �Q�7 �i�?�2 �E�P�h�P �+���H�Q�`�B�K�2�i�2�`
�U2:5 � 2:5 �+�K2 �+�2�H�H�b�V�- �i�?�2 �K�Q�/�2�H �B�b �+�Q�M�b�2�`�p���i�B�p�2�- �B�M �i�?���i �B�i �;�B�p�2�b �2�M�2�`�;�v ���M�/ �T�Q�b�B�i�B�Q�M
�`�2�b�Q�H�m�i�B�Q�M �r�Q�`�b�2 �i�?���M �i�?�Q�b�2 ���+�i�m���H�H�v �K�2���b�m�`�2�/�X�R

�6�B�;�m�`�2 �R�N�, �1�M�2�`�;�v �U�H�2�7�i�V ���M�/ �T�Q�b�B�i�B�Q�M �U�`�B�;�?�i�V �`�2�b�Q�H�m�i�B�Q�M�b �7�Q�` �i�?�2 �+�2�M�i�`���H �`�2�;�B�Q�M �Q�7 �i�?�2
�+���H�Q�`�B�K�2�i�2�` �(�9�j�)�X ���M �2�H�2�+�i�`�Q�M �b���K�T�H�2 �r���b �Q�#�i���B�M�2�/ �B�M �� �b�T�2�+�B���H �b�2�i�m�T �r�B�i�? �� �b�T�2�+�i�`�Q�K�2�i�2�`
���M�/ �i�?�2 �+���H�Q�`�B�K�2�i�2�` �B�M �i�?�2 �E�P�h�P �#�2���K �H�B�M�2�X �_�2�b�Q�H�m�i�B�Q�M�b ���`�2 �Q�#�i���B�M�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7
�2�H�2�+�i�`�Q�M �K�Q�K�2�M�i�m�K�- ���M�/ �i�?�2 �2�H�2�+�i�`�Q�M �K�Q�K�2�M�i�m�K �B�b �i�`�2���i�2�/ ���b �� �T�?�Q�i�Q�M �2�M�2�`�;�v�X �h�?�2
�T�Q�B�M�i�b �r�B�i�? �2�`�`�Q�` �#���`�b �b�?�Q�r �i�?�2 �K�2���b�m�`�2�/ �/���i�� �r�B�i�? �2�H�2�+�i�`�Q�M�b�- �i�?�2 �b�Q�H�B�/ �H�B�M�2 �b�?�Q�r�b �� �}�i
�r�B�i�? �� �7�m�M�+�i�B�Q�M�- ���M�/ �i�?�2 �}�H�H�2�/ ���`�2�� �b�?�Q�r�b �i�?�2 �+�Q�K�#�B�M�2�/ �b�i���i�B�b�i�B�+���H ���M�/ �b�v�b�i�2�K���i�B�+ �2�`�`�Q�`�b�X
�h�?�2 �/���b�?�2�/ �H�B�M�2 �b�?�Q�r�b �i�?�2 �K�Q�/�2�H �m�b�2�/ �B�M �i�?�B�b �b�i�m�/�v�X

�R�h�?�2 �K�Q�/�2�H�2�/ �2�M�2�`�;�v �`�2�b�Q�H�m�i�B�Q�M �B�b ���H�b�Q �K�Q�`�2 �+�Q�M�b�2�`�p���i�B�p�2 �i�?���M �i�?�2 ���+�i�m���H �K�2���b�m�`�2�K�2�M�i�b �B�M �i�?�2 �Q�m�i�2�`
�`�2�;�B�Q�M�X �h�?�2 �K�Q�/�2�H�2�/ �T�Q�b�B�i�B�Q�M �`�2�b�Q�H�m�i�B�Q�M �B�b �#�2�i�i�2�` �#�v ���i �K�Q�b�i �j�X�k �K�K �i�?���M �i�?�2 ���+�i�m���H �`�2�b�Q�H�m�i�B�Q�M �B�M �i�?�2
�Q�m�i�2�` �`�2�;�B�Q�M �Q�7 �i�?�2 �+�m�`�`�2�M�i �+���H�Q�`�B�K�2�i�2�` �7�Q�` �i�?�2 �B�M�+�B�/�2�M�i �2�M�2�`�;�v �b�K���H�H�2�` �i�?���M �k �:�2�o�X �8�@�+�K�@�b�[�m���`�2 �*�b�A
�+�`�v�b�i���H�b ���`�2 �m�b�2�/ �B�M �i�?�2 �Q�m�i�2�` �`�2�;�B�Q�M �B�M�b�i�2���/ �Q�7 �k�X�8�@�+�K�@�b�[�m���`�2 �Q�M�2�b �B�M �i�?�2 �B�M�M�2�` �`�2�;�B�Q�M�X

�k�3



�8�X�9�X�k �h�r�Q�@�T�?�Q�i�Q�M �7�m�b�B�Q�M �T�`�Q�#���#�B�H�B�i�v �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�`

�6�m�b�B�Q�M �Q�7 �T�?�Q�i�Q�M �+�H�m�b�i�2�`�b �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�` �+�Q�M�i�`�B�#�m�i�2�b �i�Q �i�?�2K L ! 2� 0 �#���+�F�;�`�Q�m�M�/�X
�6�m�b�B�Q�M �B�b �Q�M�2 �Q�7 �i�?�2 �K�2�+�?���M�B�b�K�b �i�Q �K�B�b�b �� �T�?�Q�i�Q�M�c �K�B�b�b�B�M�; �i�r�Q �Q�7 �i�?�2 �7�Q�m�` �T�?�Q�i�Q�M�b �7�`�Q�K
�i�?�2 �/�2�+���v �+���m�b�2�b �i�?�2 �#���+�F�;�`�Q�m�M�/�X

�h�?�2 �K�Q�/�2�H �Q�7 �i�?�2 �7�m�b�B�Q�M �T�`�Q�#���#�B�H�B�i�v �B�b �b�?�Q�r�M �B�M �6�B�;�X �k�y ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �/�B�b�@
�i���M�+�2 �#�2�i�r�2�2�M �i�?�2 �T�Q�b�B�i�B�Q�M�b �Q�7 �i�r�Q �T�?�Q�i�Q�M�b �B�M�+�B�/�2�M�i �Q�M �i�?�2 �+���H�Q�`�B�K�2�i�2�`�X �h�?�B�b �K�Q�/�2�H �r���b
�T�`�2�T���`�2�/ �r�B�i�? �� �J�* �b�i�m�/�v �m�b�B�M�; �i�?�2 �2�t�B�b�i�B�M�; �E�P�h�P �+���H�Q�`�B�K�2�i�2�`�X

�6�B�;�m�`�2 �k�y�, �J�Q�/�2�H �7�Q�` �7�m�b�B�Q�M �T�`�Q�#���#�B�H�B�i�v ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �/�B�b�i���M�+�2 �#�2�i�r�2�2�M �i�r�Q �T�?�Q�i�Q�M�b
�Q�M �i�?�2 �+���H�Q�`�B�K�2�i�2�`�X

�8�X�9�X�j �A�M�2�{�+�B�2�M�+�v �Q�7 �i�?�2 �T���`�i�B�+�H�2 �p�2�i�Q

�*���H�Q�`�B�K�2�i�2�` �T�?�Q�i�Q�M �B�M�2�{�+�B�2�M�+�v�h�?�2 �T�?�Q�i�Q�M �B�M�2�{�+�B�2�M�+�v �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�` �+�Q�M�@
�i�`�B�#�m�i�2�b �i�Q �i�?�2K L ! 2� 0 �#���+�F�;�`�Q�m�M�/�X �h�?�2 �K�Q�/�2�H�2�/ �B�M�2�{�+�B�2�M�+�v �B�b �b�?�Q�r�M �B�M �6�B�;�X �k�R�-
�r�?�B�+�? �B�b �i�?�2 �b���K�2 ���b �B�M �i�?�2 �E�P�h�P �T�`�Q�T�Q�b���H ���M�/ �r���b �Q�#�i���B�M�2�/ �r�B�i�? �� �J�* �b�i�m�/�v�X

�6�B�;�m�`�2 �k�R�, �J�Q�/�2�H �7�Q�` �T�?�Q�i�Q�M �B�M�2�{�+�B�2�M�+�v �7�Q�` �i�?�2 �+���H�Q�`�B�K�2�i�2�`�X

�"���`�`�2�H �T�?�Q�i�Q�M �B�M�2�{�+�B�2�M�+�v�h�?�2 �T�?�Q�i�Q�M �B�M�2�{�+�B�2�M�+�v �Q�7 �i�?�2 �#���`�`�2�H �+�Q�m�M�i�2�` �B�b �b�?�Q�r�M
�B�M �6�B�;�X �k�k�X �h�?�2 �B�M�2�{�+�B�2�M�+�B�2�b �r�2�`�2 �Q�#�i���B�M�2�/ �7�Q�` �� �b���M�/�r�B�+�? �+�Q�m�M�i�2�` �+�Q�K�T�Q�b�2�/ �Q�7 �R�@�K�K�@
�i�?�B�+�F �H�2���/ ���M�/ �8�@�K�K�@�i�?�B�+�F �T�H���b�i�B�+�@�b�+�B�M�i�B�H�H���i�Q�` �T�H���i�2�b�X �h�?�2�b�2 �T�H���i�2�b �r�2�`�2 �b�i���+�F�2�/ �B�M �i�?�2
�x �/�B�`�2�+�i�B�Q�M�X �h�?�2 �B�M�2�{�+�B�2�M�+�B�2�b �r�2�`�2 �T�`�2�T���`�2�/ �r�B�i�? �7�m�H�H �b�?�Q�r�2�` �b�B�K�m�H���i�B�Q�M�b �#�v ���T�T�H�v�B�M�; ��
�i�?�`�2�b�?�Q�H�/ �7�Q�` �i�?�2 �/�2�T�Q�b�B�i�2�/ �2�M�2�`�;�v ���i �R �J�2�o�X �h�?�2 �B�M�2�{�+�B�2�M�+�B�2�b �r�2�`�2 �;�B�p�2�M ���b �� �7�m�M�+�i�B�Q�M
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���M�/ �i�?�2 �b�m�K �Q�7 �i�?�2 �K�Q�K�2�M�i�� �;�B�p�2�b �i�?�2 �K�Q�K�2�M�i�m�K �Q�7 �i�?�2� 0�X ���+�+�Q�`�/�B�M�;�H�v�- �i�?�2 �i�?�2� 0

�i�`���M�b�p�2�`�b�2 �K�Q�K�2�M�i�m�K �UpT �V �B�b �Q�#�i���B�M�2�/�X

�e�X�j �1�p�2�M�i �b�2�H�2�+�i�B�Q�M

�q�2 �m�b�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�p�2�M�i �b�2�H�2�+�i�B�Q�M �+�`�B�i�2�`�B�� �7�Q�` �2�p�2�M�i�b �r�B�i�? �i�r�Q �+�H�m�b�i�2�`�b �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�`�X

�R�X�a�m�K �Q�7 �i�r�Q �T�?�Q�i�Q�M �2�M�2�`�;�B�2�b �,E0 + E1 > 500 MeV�X

�k�X�*���H�Q�`�B�K�2�i�2�` �}�/�m�+�B���H ���`�2�� �,
p

x2
0 + y2

0 < 1350 mm�-
p

x2
1 + y2

1 < 1350 mm�X

�j�X�*���H�Q�`�B�K�2�i�2�` �}�/�m�+�B���H ���`�2�� �,max(jx0j; jy0j) > 175 mm�-max(jx1j; jy1j) > 175 mm�X

�9�X�S�?�Q�i�Q�M �2�M�2�`�;�v �,E0 > 100 MeV�-E1 > 100 MeV�X

�j�k



�6�B�;�m�`�2 �k�8�, �:�2�Q�K�2�i�`�B�+���H �`�2�H���i�B�Q�M �B�M �i�?�2 �p�2�`�i�2�t �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�X

�8�X�.�B�b�i���M�+�2 �#�2�i�r�2�2�M �i�?�2 �i�r�Q �T�?�Q�i�Q�M�b �,jr 1 � r 0j> 300 mm�X

�e�X�S�`�Q�D�2�+�i�B�Q�M ���M�;�H�2 �U� proj ���b �b�?�Q�r�M �B�M �6�B�;�X �k�8�V �,� proj � acos
�

r 0 �r 1
jr 0 jj r 1 j

�
< 150� �X

�d�X� 0 �/�2�+���v �p�2�`�i�2�t �,3 m < z vtx < 15 m�X

�3�X� 0 �i�`���M�b�p�2�`�b�2 �K�Q�K�2�M�i�m�K �,130 MeV=c < pT < 250 MeV=c�X

�N�X�h�B�;�?�i�2�`� 0 pT �+�`�B�i�2�`�B�� �B�M �i�?�2 �/�Q�r�M�b�i�`�2���K �`�2�;�B�Q�M �U�6�B�;�X �k�e�V�,
pT

(MeV =c) > zvtx
(mm) � 0:008 + 50�X

�R�y�X�a�2�H�2�+�i�B�Q�M �i�Q �`�2�/�m�+�2 �?���/�`�Q�M �+�H�m�b�i�2�` �#���+�F�;�`�Q�m�M�/�,
�A�M �Q�`�/�2�` �i�Q �`�2�/�m�+�2 �M�2�m�i�`�Q�M �+�H�m�b�i�2�`�b�- �+�H�m�b�i�2�` �b�?���T�2�- �T�m�H�b�2 �b�?���T�2�- ���M�/ �/�2�T�i�? �B�M�7�Q�`�K���@
�i�B�Q�M �Q�7 �i�?�2 �?�B�i�b �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�` ���`�2 �m�b�2�/ ���b �B�M �i�?�2 ���M���H�v�b�B�b �Q�7 �E�P�h�P �/���i���X �� �b�B�;�M���H
�b�2�H�2�+�i�B�Q�M �2�{�+�B�2�M�+�v �Q�70:93 = 0:73 �B�b ���b�b�m�K�2�/�X �h�?�2 �`�2�/�m�+�i�B�Q�M �Q�7 �i�?�2 �#���+�F�;�`�Q�m�M�/ �B�b
�/�B�b�+�m�b�b�2�/ �B�M �a�2�+�X �e�X�8�X�e�X

�R�R�X�a�2�H�2�+�i�B�Q�M �i�Q �`�2�/�m�+�2 �?���H�QK L ! 2
 �#���+�F�;�`�Q�m�M�/�,
�h�?�2 �T�?�Q�i�Q�M ���M�;�H�2�@�Q�7�@�B�M�+�B�/�2�M�+�2 �B�M�7�Q�`�K���i�B�Q�M �B�b �m�b�2�/ �i�Q �`�2�/�m�+�2 �i�?�2 �?���H�QK L ! 2

�#���+�F�;�`�Q�m�M�/ ���b �B�M �E�P�h�P�X �� �b�B�;�M���H �b�2�H�2�+�i�B�Q�M �2�{�+�B�2�M�+�v �Q�70:9 �B�b ���b�b�m�K�2�/�X �h�?�2 �`�2�@
�/�m�+�i�B�Q�M �Q�7 �i�?�2 �#���+�F�;�`�Q�m�M�/ �B�b �/�B�b�+�m�b�b�2�/ �B�M �a�2�+�X �e�X�8�X�9�X

�h�?�2 �}�`�b�i �}�p�2 �+�`�B�i�2�`�B�� �2�M�b�m�`�2 �i�?�2 �[�m���H�B�i�v �Q�7 �i�?�2 �T�?�Q�i�Q�M �+�H�m�b�i�2�`�X �h�?�2 �b�m�K �Q�7 �i�?�2 �T�?�Q�i�Q�M
�2�M�2�`�;�B�2�b �B�b �m�b�2�7�m�H �i�Q �`�2�/�m�+�2 �� �i�`�B�;�;�2�` �#�B���b�- �#�2�+���m�b�2 �r�2 �T�H���M �i�Q �m�b�2 �i�?�2 �b�m�K �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�`
�2�M�2�`�;�v �7�Q�` �i�?�2 �i�`�B�;�;�2�`�X �h�?�2 �2�/�;�2 �`�2�;�B�Q�M �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�` �B�b ���p�Q�B�/�2�/ �B�M �Q�`�/�2�` �i�Q �`�2�/�m�+�2
�i�?�2 �2�z�2�+�i�b �Q�7 �2�M�2�`�;�v �H�2���F���;�2 �7�`�Q�K �i�?�2 �+���H�Q�`�B�K�2�i�2�`�X �h�?�2 �m�b�2 �Q�7 �?�B�;�?�2�` �2�M�2�`�;�v �T�?�Q�i�Q�M�b �;�B�p�2
�#�2�i�i�2�` �2�M�2�`�;�v�- �i�B�K�2�- ���M�/ �T�Q�b�B�i�B�Q�M �`�2�b�Q�H�m�i�B�Q�M�X �h�?�2 �`�2�[�m�B�`�2�K�2�M�i �Q�7 �� �H���`�;�2 �/�B�b�i���M�+�2 �#�2�i�r�2�2�M
�i�?�2 �i�r�Q �T�?�Q�i�Q�M�b �`�2�/�m�+�2�b �i�?�2 �Q�p�2�`�H���T �Q�7 �i�?�2 �i�r�Q �+�H�m�b�i�2�`�b�X

�h�?�2 �M�2�t�i �7�Q�m�` �+�`�B�i�2�`�B�� ���`�2 �F�B�M�2�K���i�B�+ �b�2�H�2�+�i�B�Q�M�b�X �h�?�2 �T�`�Q�D�2�+�i�B�Q�M ���M�;�H�2 �b�2�H�2�+�i�B�Q�M �`�2�[�m�B�`�2�b
�M�Q �#���+�F�@�i�Q�@�#���+�F �+�Q�M�}�;�m�`���i�B�Q�M �Q�7 �i�?�2 �i�r�Q �T�?�Q�i�Q�M�b�- �i�Q �`�2�/�m�+�2 �+�Q�M�i���K�B�M���i�B�Q�M �7�`�Q�KK L !
2
 �X �G���`�;�2�` �p���H�m�2�b �Q�7� 0 pT ���`�2 �`�2�[�m�B�`�2�/ �i�Q �K���i�+�? �i�?�2 �F�B�M�2�K���i�B�+�b �Q�7 �i�?�2 �b�B�;�M���H�X �h�?�2 �i�B�;�?�i�2�`
pT �b�2�H�2�+�i�B�Q�M �B�b �`�2�[�m�B�`�2�/ �B�M �i�?�2 �/�Q�r�M�b�i�`�2���K �`�2�;�B�Q�M �#�2�+���m�b�2 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/pT �i�2�M�/�b �i�Q
�#�2 �H���`�;�2�` �7�Q�` �/�2�+���v�b �M�2���` �i�?�2 �+���H�Q�`�B�K�2�i�2�` �/�m�2 �i�Q �i�?�2 �r�Q�`�b�2pT �`�2�b�Q�H�m�i�B�Q�M �B�M �i�?�B�b �`�2�;�B�Q�M�X

�h�?�2 �H���b�i �i�r�Q �+�`�B�i�2�`�B�� �K���F�2 �m�b�2 �Q�7 �i�?�2 �T���`�i�B�+�H�2�@�B�/�2�M�i�B�}�+���i�B�Q�M ���M�/ �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �+���T���#�B�H�@
�B�i�B�2�b �Q�7 �i�?�2 �+���H�Q�`�B�K�2�i�2�` �i�Q �/�B�b�+�`�B�K�B�M���i�2 �#�2�i�r�2�2�M �T�?�Q�i�Q�M ���M�/ �M�2�m�i�`�Q�M �+�H�m�b�i�2�`�b�- �Q�` �#�2�i�r�2�2�M
�+�Q�`�`�2�+�i ���M�/ �B�M�+�Q�`�`�2�+�i �T�?�Q�i�Q�M ���M�;�H�2�b �Q�7 �B�M�+�B�/�2�M�+�2�X

�j�j



�6�B�;�m�`�2 �k�e�, �h�?�2 �b�?���/�2�/ ���`�2�� �b�?�Q�r�b �i�?�2pT �+�`�B�i�2�`�B�� �B�M �i�?�2zvtx �@pT �T�H���M�2�X �h�?�2 �#�H�m�2 �/�Q�i�i�2�/
�H�B�M�2 �b�?�Q�r�b �i�?�2 �i�B�;�?�i�2�`pT �+�`�B�i�2�`�B�� �B�M �i�?�2 �/�Q�r�M�b�i�`�2���K �`�2�;�B�Q�M�X

�e�X�9 �a�B�;�M���H �v�B�2�H�/

�h�?�2K L ! � 0� � �v�B�2�H�/ �+���M �#�2 �7���+�i�Q�`�B�x�2�/ �B�M�i�Q �i�?�2 �/�2�+���v �T�`�Q�#���#�B�H�B�i�v �r�B�i�?�B�M �i�?�2z �`�2�;�B�Q�M
�7�`�Q�K �j �K �i�Q �R�8 �K�- �i�?�2 �;�2�Q�K�2�i�`�B�+���H ���+�+�2�T�i���M�+�2 �i�Q �?���p�2 �k �T�?�Q�i�Q�M�b �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�`�-
���M�/ �i�?�2 �+�m�i ���+�+�2�T�i���M�+�2 �/�2�b�+�`�B�#�2�/ �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�m�#�b�2�+�i�B�Q�M�b�X �h�?�2 �b�B�;�M���H �H�Q�b�b�2�b �+���H�H�2�/
�ó���+�+�B�/�2�M�i���H �H�Q�b�b�ô ���M�/ �ó�b�?�Q�r�2�`�@�H�2���F���;�2 �H�Q�b�b�ô �r�B�H�H �#�2 �B�M�i�`�Q�/�m�+�2�/ ���M�/ �/�B�b�+�m�b�b�2�/ �B�M �i�?�2 �H���i�2�`
�b�m�#�b�2�+�i�B�Q�M�b�X

�e�X�9�X�R �.�2�+���v �T�`�Q�#���#�B�H�B�i�v ���M�/ �;�2�Q�K�2�i�`�B�+���H ���+�+�2�T�i���M�+�2 �Q�7 �i�r�Q �T�?�Q�i�Q�M�b ���i �i�?�2
�+���H�Q�`�B�K�2�i�2�`

�h�?�2 �/�2�+���v �T�`�Q�#���#�B�H�B�i�v �UP truth
decay�V �B�b �/�2�}�M�2�/�,

P truth
decay =

�L�m�K�#�2�` �Q�7K L �b �i�?���i �/�2�+���v �B�M3 m < z < 15 m
�h�Q�i���H �M�m�K�#�2�` �Q�7K L �b ���iz = � 1 �K

:

�A�i �B�b �2�p���H�m���i�2�/ �#�v �J�* �b�B�K�m�H���i�B�Q�M ���b �B�M �6�B�;�X �k�d�U���V �i�Q �#�29:9�W�X
�h�?�2 �;�2�Q�K�2�i�`�B�+���H ���+�+�2�T�i���M�+�2 �UA truth

geom�V �B�b �/�2�}�M�2�/�,

A truth
geom =

�L�m�K�#�2�` �Q�7K L �b �r�B�i�? �k
 �ö�b �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�` �i�?���i �/�2�+���v�2�/ �B�M3 < z < 15 �K
�L�m�K�#�2�` �Q�7K L �b �i�?���i �/�2�+���v�2�/ �B�M3 m < z < 15 m

:

�A�i �B�b ���H�b�Q �2�p���H�m���i�2�/ �#�v �J�* �b�B�K�m�H���i�B�Q�M �i�Q �#�2 �k�9�W ���b �b�?�Q�r�M �B�M �6�B�;�X �k�d�U�#�V�X
�h�?�2 �[�m���M�i�B�i�B�2�bP truth

decay ���M�/A truth
geom �`�2�H���i�2 �i�Q �i�?�2 �i�`�m�2 �/�2�+���vz �T�Q�b�B�i�B�Q�M�X �A�M �i�?�2 �7�Q�H�H�Q�r�B�M�;

�b�2�+�i�B�Q�M�b�- �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/zvtx �B�b �m�b�2�/ �i�Q �;�B�p�2 �� �`�2���H�B�b�i�B�+ �2�p���H�m���i�B�Q�M�XP truth
decay � A truth

geom �+���M
�#�2 �+�Q�K�T���`�2�/ �r�B�i�?A2
 �- �r�?�B�+�? �B�b �/�2�}�M�2�/ �B�M �i�2�`�K�b �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/zvtx �,

A2
 =
�L�m�K�#�2�` �Q�7 �2�p�2�M�i�b �r�B�i�? �k
 �?�B�i�b �r�B�i�?3 m < z vtx < 15 m

�h�Q�i���H �M�m�K�#�2�` �Q�7K L ���i z = � 1 �K
:

�h�?�2 �J�* �b�B�K�m�H���i�B�Q�M �;�B�p�2�bA2
 = 2:4%�- �r�?�B�+�? �B�b �+�Q�M�b�B�b�i�2�M�i �r�B�i�?P truth
decay � A truth

geom = 2:4%�X

�e�X�9�X�k �*�m�i ���+�+�2�T�i���M�+�2

�h�?�2 ���+�+�2�T�i���M�+�2�b �7�Q�` �+�m�i�b �R �i�?�`�Q�m�;�? �e�- �3�- ���M�/ �N�k �H�B�b�i�2�/ �B�M �a�2�+�X �e�X�j ���`�2 �b�m�K�K���`�B�x�2�/ �B�M
�6�B�;�X �k�3�X �h�?�2 �Q�p�2�`���H�H ���+�+�2�T�i���M�+�2 ���7�i�2�` ���T�T�H�v�B�M�; ���H�H �Q�7 �i�?�2�b�2 �+�m�i�b �B�b �9�y�W�X �h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b

�k�*�m�i �d�- �i�?�2zvtx �b�2�H�2�+�i�B�Q�M�- �B�b ���H�`�2���/�v �i�`�2���i�2�/ �B�M �i�?�2 �T�`�2�p�B�Q�m�b �b�2�+�i�B�Q�M�X

�j�9



�U���V �U�#�V

�6�B�;�m�`�2 �k�d�, �.�2�+���v �T�`�Q�#���#�B�H�B�i�v �U���V ���M�/ �;�2�Q�K�2�i�`�B�+���H ���+�+�2�T�i���M�+�2 �U�#�V�X

�Q�7 �i�?�2 �+�m�i �p���`�B���#�H�2�b ���`�2 �b�?�Q�r�M �B�M �6�B�;�X �k�N�X �h�?�2 ���b�b�m�K�2�/ ���+�+�2�T�i���M�+�2 �7�Q�` �i�?�2 ���/�/�B�i�B�Q�M���H �+�m�i�b
�i�Q �`�2�/�m�+�2 �i�?�2 �?���/�`�Q�M�@�+�H�m�b�i�2�` ���M�/ �?���H�QK L ! 2
 �#���+�F�;�`�Q�m�M�/�b �B�b0:94 = 66%�X �A�M�+�H�m�/�B�M�;
���H�H �Q�7 �i�?�2 ���#�Q�p�2�- �i�?�2 �Q�p�2�`���H�H �+�m�i ���+�+�2�T�i���M�+�2 �B�b �k�e�W�X

�6�B�;�m�`�2 �k�3�, �*�m�i ���+�+�2�T�i���M�+�2�X �h�?�2 �#�H���+�F �M�m�K�#�2�`�b �B�M �i�?�2 �}�;�m�`�2 �b�?�Q�r �+�m�K�m�H���i�B�p�2 ���+�+�2�T�i���M�+�2�b�-
�i�?�2 �#�H�m�2 �M�m�K�#�2�`�b �b�?�Q�r �B�M�/�B�p�B�/�m���H ���+�+�2�T�i���M�+�2�b�X
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35 �M�b�X �"���+�F�b�T�H���b�? �T���`�i�B�+�H�2�b ���H�b�Q �;�B�p�2 �H���`�;�2 �p���H�m�2�b �Q�7tBarrelVeto �- ���M�/ �� �9�y�@�M�b �p�2�i�Q�@�i�B�K�B�M�;
�`�2�[�m�B�`�2�K�2�M�i �`�2�/�m�+�2�b �i�?�2 �#���+�F�b�T�H���b�? �H�Q�b�b �7�Q�`tBarrelVeto > 35 ns�X

�*�?���`���+�i�2�`�B�b�i�B�+�b �Q�7 �#���+�F�b�T�H���b�?�h�?�2 ���`�`�B�p���H �i�B�K�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �b�?�Q�r�2�`�@�H�2���F���;�2
�T���`�i�B�+�H�2�b �B�b �b�?�Q�r�M �B�M �6�B�;�X �j�j�U���V�X �h�?�2 �B�M�+�B�/�2�M�i�@�T���`�i�B�+�H�2 �K�m�H�i�B�T�H�B�+�B�i�v �B�b �b�?�Q�r�M �B�M �6�B�;�X �j�j�U�#�V�X
�h�?�2 �K�2���M �K�m�H�i�B�T�H�B�+�B�i�v �B�b �3�X�y �r�B�i�?�Q�m�i ���M�v �i�B�K�B�M�; �`�2�[�m�B�`�2�K�2�M�i�X �h�?�B�b �H���`�;�2 �K�m�H�i�B�T�H�B�+�B�i�v
�K���F�2�b �i�?�2 �`�2�/�m�+�i�B�Q�M �Q�7 �i�?�2 �#���+�F�b�T�H���b�? �H�Q�b�b �/�B�{�+�m�H�i�- �#�2�+���m�b�2 �i�?�2 �/�2�i�2�+�i�B�Q�M �Q�7 ���M�v �Q�M�2 �Q�7
�i�?�2�b�2 �K�m�H�i�B�T�H�2 �T���`�i�B�+�H�2�b �r�B�H�H �F�B�H�H �i�?�2 �b�B�;�M���H�X �h�?�2 �i�B�K�B�M�; �`�2�[�m�B�`�2�K�2�M�i �Q�7 �i�?�2 �p�2�i�Q �r�B�M�/�Q�r
�`�2�/�m�+�2�b �i�?�2 �K�2���M �K�m�H�i�B�T�H�B�+�B�i�v �i�Q �d�X�R�X

�J�Q�b�i �Q�7 �i�?�2 �B�M�+�B�/�2�M�i �T���`�i�B�+�H�2�b ���`�2 �H�Q�r �2�M�2�`�;�v �T�?�Q�i�Q�M�b�- ���M�/ �i�?�2 �7�`���+�i�B�Q�M �Q�7 �2�H�2�+�i�`�Q�M�b �Q�`
�T�Q�b�B�i�`�Q�M�b �B�b �9�X�3�W�X �h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �K���t�B�K�m�K �T�?�Q�i�Q�M �2�M�2�`�;�v �B�M �� �2�p�2�M�i �r�B�i�?�B�M �i�?�2

�j�N



�6�B�;�m�`�2 �j�k�, �*�Q�M�}�;�m�`���i�B�Q�M�b �Q�7 �#���`�`�2�H �?�B�i�b�X

�p�2�i�Q �r�B�M�/�Q�r �B�b �b�?�Q�r�M �B�M �6�B�;�X �j�j�U�+�V�X �h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �+�Q�M�i���B�M�B�M�; �Q�M�2 �Q�` �K�Q�`�2 �T�?�Q�i�Q�M�b
�r�B�i�? �2�M�2�`�;�v �H���`�;�2�` �i�?���M �R �J�2�o �U�j �J�2�o�V �B�b �b�i�B�H�H �3�9�W �U�j�8�W�V�X

�U���V �U�#�V �U�+�V

�6�B�;�m�`�2 �j�j�, �.�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �i�?�2 ���`�`�B�p���H �i�B�K�2 �Q�M �i�?�2 �#���`�`�2�H �Q�7 �T���`�i�B�+�H�2�b �7�`�Q�K �b�?�Q�r�2�` �H�2���F�@
���;�2 �U���V�- �i�?�2 �K�m�H�i�B�T�H�B�+�B�i�v �Q�7 �b�?�Q�r�2�`�@�H�2���F���;�2 �T���`�i�B�+�H�2�b �B�M�+�B�/�2�M�i �Q�M �i�?�2 �#���`�`�2�H �U�#�V�- ���M�/ �i�?�2
�K���t�B�K�m�K �2�M�2�`�;�v �Q�7 �i�?�2 �b�?�Q�r�2�`�@�H�2���F���;�2 �T�?�Q�i�Q�M�b �B�M�+�B�/�2�M�i �Q�M �i�?�2 �#���`�`�2�H �r�B�i�?�B�M �i�?�2 �p�2�i�Q
�r�B�M�/�Q�r �U�+�V�X �h�?�2 �H�2�7�i�@�`�B�;�?�i ���`�`�Q�r �B�M �U���V �B�H�H�m�b�i�`���i�2�b �i�?�2 �p�2�i�Q �r�B�M�/�Q�r�X

�1�p�2�M�i�b �b�m�`�p�B�p�2 �i�?�2 �p�2�i�Q �Q�M�H�v �r�?�2�M �M�Q�M�2 �Q�7 �i�?�2 �#���+�F�b�T�H���b�? �T���`�i�B�+�H�2�b ���`�2 �/�2�i�2�+�i�2�/�X �h�?�2
�T�`�Q�#���#�B�H�B�i�v �M�Q�i �i�Q �/�2�i�2�+�i �� �T���`�i�B�+�H�2 �B�b �i�?�2 �B�M�2�{�+�B�2�M�+�v �U= 1 � �2�{�+�B�2�M�+�v�V�c �i�?�2�`�2�7�Q�`�2�- �i�?�2
�2�p�2�M�i �b�m�`�p�B�p���H �T�`�Q�#���#�B�H�B�i�v �B�b �Q�#�i���B�M�2�/ �#�v �K�m�H�i�B�T�H�v�B�M�; �i�?�2 �B�M�2�{�+�B�2�M�+�B�2�b �7�Q�` �/�2�i�2�+�i�B�Q�M �Q�7 �2���+�?
�Q�7 �i�?�2 �B�M�+�B�/�2�M�i �T���`�i�B�+�H�2�b�X �h�?�2 �B�M�2�{�+�B�2�M�+�v �7�Q�` �j�@�J�2�o �T�?�Q�i�Q�M�b �B�b �`�Q�m�;�?�H�v �e�y�W�- �7�Q�` �2�t���K�T�H�2�X
�h�?�2�b�2 �+�Q�M�i�`�B�#�m�i�2 �i�Q �i�?�2 �#���+�F�b�T�H���b�? �H�Q�b�b�X ���i �i�?�B�b �b�i���;�2�- �i�?�2 �b�m�`�p�B�p���H �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �2�p�2�M�i
���7�i�2�` �p�2�i�Q�B�M�; �i�?�2 �b�?�Q�r�2�`�@�H�2���F �T���`�i�B�+�H�2�b �B�b �8�d�W�- �r�?�B�+�? �+���M �#�2 �B�K�T�`�Q�p�2�/ ���b �/�B�b�+�m�b�b�2�/ �B�M �i�?�2
�7�Q�H�H�Q�r�B�M�; �T���`���;�`���T�?�X

�o�2�i�Q �r�B�M�/�Q�r �/�2�T�2�M�/�B�M�; �Q�M �?�B�i �T�Q�b�B�i�B�Q�M�6�B�;�m�`�2 �j�9 �b�?�Q�r�b �i�?�2 ���`�`�B�p���H �i�B�K�2 �Q�7
�i�?�2 �#���+�F�b�T�H���b�? �T���`�i�B�+�H�2�b �Q�M �i�?�2 �*�2�M�i�`���H �"���`�`�2�H �*�Q�m�M�i�2�` ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7
�B�M�+�B�/�2�M�+�2 �B�Mz�X �h�?�2 �i�B�K�2 �b�K�2���`�B�M�; �B�b ���T�T�H�B�2�/ �r�B�i�? �i�B�K�2 �`�2�b�Q�H�m�i�B�Q�M �/�2�T�2�M�/�B�M�; �Q�M �i�?�2
�B�M�+�B�/�2�M�i �2�M�2�`�;�v ���b �/�B�b�+�m�b�b�2�/ �B�M �a�2�+�X�8�X�9�X�9�X �h�?�2 �2�p�2�M�i�b �r�B�i�?tBarrelVeto ���i z � 20000 mm
���`�2 �;�2�M�2�`���i�2�/ �#�v �M�2�m�i�`�Q�M�b �7�`�Q�K �i�?�2 �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�`�X �1�p�2�M�i�b �r�B�i�? �b�K���H�H�2�`z �i�2�M�/
�i�Q �?���p�2 �H���`�;�2�`tBarrelVeto �/�m�2 �i�Q �i�?�2 �H�Q�M�;�2�` �~�B�;�?�i �/�B�b�i���M�+�2�X �h�?�B�b �+�H�2���` �+�Q�`�`�2�H���i�B�Q�M �+���M �#�2
�m�b�2�/ �i�Q �2�t�+�H�m�/�2 �i�?�2 �#���+�F�b�T�H���b�? �T���`�i�B�+�H�2�b �7�`�Q�K �i�?�2 �p�2�i�Q �i�Q �`�2�/�m�+�2 �i�?�2 �#���+�F�b�T�H���b�? �H�Q�b�b�X �q�2

�9�y



�H�Q�Q�b�2�M �i�?�2 �p�2�i�Q �+�`�B�i�2�`�B���j �B�M �i�?�2 �/�Q�r�M�b�i�`�2���K �`�2�;�B�Q�M�, �Q�p�2�` �i�?�2 �B�M�i�2�`�p���H �B�Mz �7�`�Q�K �R�k�X�8 �K
�i�Q �R�d �K�- �i�?�2 �m�T�T�2�` �H�B�K�B�i �Q�7 �i�?�2 �p�2�i�Q �i�B�K�2 �r�B�M�/�Q�r �/�2�+�`�2���b�2�b �H�B�M�2���`�H�v �7�`�Q�K �j�8 �M�b �i�Q �9 �M�b�-
���M�/ �7�Q�`z > 17 m�- �B�i �B�b �9 �M�b�X �h�?�2 �`�2�;�B�Q�M �r�B�i�?�B�M �i�?�2 �i�r�Q �H�B�M�2�b �B�M �i�?�2 �}�;�m�`�2 �b�?�Q�r�b �i�?�2 �M�2�r
�p�2�i�Q �`�2�;�B�Q�M�- �r�?�B�+�? �;�B�p�2�b �� �b�m�`�p�B�p���H �T�`�Q�#���#�B�H�B�i�v �Q�791%�- �Q�` �2�[�m�B�p���H�2�M�i�H�v�- �� �#���+�F�b�T�H���b�? �H�Q�b�b
�Q�7 �N�W�X �q�?�2�M ���M ���/�/�B�i�B�Q�M���H �b�K�2���`�B�M�; �B�Mz �m�b�B�M�; �� �;���m�b�b�B���M �r�B�i�?� = 500 mm �B�b ���T�T�H�B�2�/�-
�i�?�2 �b���K�2 �b�m�`�p�B�p���H �T�`�Q�#���#�B�H�B�i�v �B�b �Q�#�i���B�M�2�/�X

�6�B�;�m�`�2 �j�9�, ���`�`�B�p���H �i�B�K�2 �Q�7 �#���+�F�b�T�H���b�? �T���`�i�B�+�H�2�b �Q�M �i�?�2 �*�2�M�i�`���H �"���`�`�2�H �*�Q�m�M�i�2�` ���b �� �7�m�M�+�i�B�Q�M
�Q�7 �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �B�M�+�B�/�2�M�+�2 �B�Mz�X �h�B�K�2 �b�K�2���`�B�M�; �B�b ���T�T�H�B�2�/ �r�B�i�? �i�B�K�2 �`�2�b�Q�H�m�i�B�Q�M �/�2�T�2�M�/�B�M�;
�Q�M �i�?�2 �B�M�+�B�/�2�M�i �2�M�2�`�;�v�X

�e�X�9�X�8 �a�B�;�M���H �v�B�2�H�/ �B�M�+�H�m�/�B�M�; �i�?�2 �b�B�;�M���H �H�Q�b�b�2�b

�q�2 �2�p���H�m���i�2 �i�?�2 �M�m�K�#�2�` �Q�7 �b�B�;�M���H �2�p�2�M�i�b �US�V �2�t�T�2�+�i�2�/ �i�Q �#�2 �+�Q�H�H�2�+�i�2�/ �B�M3 � 107 �b �Q�7
�`�m�M�M�B�M�; �i�B�K�2�- ���b�b�m�K�B�M�;BR(K L ! � 0� � ) = 3 � 10� 11�,

S =
(�#�2���K �T�Q�r�2�`) � (�`�m�M�M�B�M�; �i�B�K�2)

(�#�2���K �2�M�2�`�;�v)
� (�M�m�K�#�2�` �Q�7K L �f�S�P�h)

� Pdecay � Ageom � Acut � (�R�@���+�+�B�/�2�M�i���H �H�Q�b�b) � (�R�@�#���+�F�b�T�H���b�? �H�Q�b�b) � B K L ! � 0 � �

=
(100 kW) � (3 � 107 s)

(30 GeV)
�

(1:1 � 107K L )
(2 � 1013 POT)

� 9:9%� 24%� 26%� (1 � 39%)� 91%� (3 � 10� 11)

=35:

�>�2�`�2�-Pdecay �B�b �i�?�2 �/�2�+���v �T�`�Q�#���#�B�H�B�i�v�-Ageom �B�b �i�?�2 �;�2�Q�K�2�i�`�B�+���H ���+�+�2�T�i���M�+�2 �7�Q�` �i�?�2 �i�r�Q �T�?�Q�@
�i�Q�M�b �i�Q �2�M�i�2�` �i�?�2 �+���H�Q�`�B�K�2�i�2�`�-Acut �B�b �i�?�2 �+�m�i ���+�+�2�T�i���M�+�2�- ���M�/BK L ! � 0 � � �B�b �i�?�2 �#�`���M�+�?�B�M�;
�7�`���+�i�B�Q�M �7�Q�`K L ! � 0� � �X �h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �2�p�2�M�i�b �B�M �i�?�2zvtx �@pT �T�H���M�2 �B�b �b�?�Q�r�M
�B�M �6�B�;�X �j�8�X �h�?�2 �+�Q�K�T���`�B�b�Q�M �Q�7 �b�B�;�M���H ���+�+�2�T�i���M�+�2 �r�B�i�? �E�P�h�P �A�A ���M�/ �E�P�h�P �B�b �b�?�Q�r�M �B�M
�h���#�H�2 �e�X

�e�X�8 �"���+�F�;�`�Q�m�M�/ �2�b�i�B�K���i�B�Q�M

���H�H �2�b�i�B�K���i�2�/ �M�m�K�#�2�`�b �Q�7 �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b �B�M �i�?�B�b �b�2�+�i�B�Q�M �`�2�7�2�` �i�Q3 � 107 �b�2�+�Q�M�/�b �Q�7
�`�m�M�M�B�M�; �i�B�K�2�X

�j �h�?�2 �H�Q�Q�b�2 �p�2�i�Q �+�`�B�i�2�`�B�� �+�Q�m�H�/ �`�2�/�m�+�2 ���H�b�Q �i�?�2 ���+�+�B�/�2�M�i���H �H�Q�b�b �/�2�b�+�`�B�#�2�/ �B�M �a�2�+�X �e�X�9�X�j�X �A�M �i�?�B�b �`�2�T�Q�`�i�-
�r�2 �/�Q �M�Q�i �+�?���M�;�2 �i�?�2 ���+�+�B�/�2�M�i���H �H�Q�b�b �Q�#�i���B�M�2�/ �B�M �a�2�+�X �e�X�9�X�j�- �r�?�B�+�? �+���M �#�2 �B�K�T�`�Q�p�2�/ �r�B�i�? �i�?�B�b �H�Q�Q�b�2 �p�2�i�Q�X

�9�R



�6�B�;�m�`�2 �j�8�, �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7K L ! � 0� � �2�p�2�M�i�b �B�M �i�?�2zvtx �@pT �T�H���M�2 �7�Q�` �7�Q�` �� �`�m�M�M�B�M�; �i�B�K�2
�Q�73 � 107 �b�X ���H�H �+�m�i�b �2�t�+�2�T�i �7�Q�` �i�?�2pT ���M�/zvtx �+�m�i�b ���`�2 ���T�T�H�B�2�/�X

�h���#�H�2 �e�, �*�Q�K�T���`�B�b�Q�M �Q�7 �i�?�2 �b�B�;�M���H ���+�+�2�T�i���M�+�2 �r�B�i�? �E�P�h�P �A�A ���M�/ �E�P�h�P

�E�P�h�P �A�A �E�P�h�P �A�K�T�`�Q�p�2�K�2�M�i �7���+�i�Q�`
�L�m�K�#�2�` �Q�7K L �f�S�P�h � �k�X�e �k�X�e
Pdecay �N�X�N�W �j�X�j�W �j�X�y
Ageom �k�9�W �k�e�W �y�X�N
Acut �k�e�W �R�R�W �k�X�9
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�B�M�+�Q�`�`�2�+�i �p�2�`�i�2�t �T�Q�b�B�i�B�Q�M �;�B�p�2�b �B�M�+�Q�`�`�2�+�i �p���H�m�2�b �7�Q�` �i�?�2 ���T�T���`�2�M�i ���M�;�H�2�b �Q�7 �B�M�+�B�/�2�M�+�2 �Q�7 �i�?�2
�T�?�Q�i�Q�M�b �Q�M �i�?�2 �+���H�Q�`�B�K�2�i�2�`�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 �?���H�QK L ! 2
 �#���+�F�;�`�Q�m�M�/ �+���M �#�2 �`�2�/�m�+�2�/
�r�B�i�? ���M�;�H�2�@�Q�7�@�B�M�+�B�/�2�M�+�2 �B�M�7�Q�`�K���i�B�Q�M ���i �i�?�2 �+���H�Q�`�B�K�2�i�2�`�X ���M�Q�i�?�2�` �?�v�T�Q�i�?�2�i�B�+���H �p�2�`�i�2�t �+���M
�#�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �r�B�i�? �i�?�2 �M�Q�K�B�M���HK L �K���b�b ���b�b�m�K�T�i�B�Q�M�- �r�?�B�+�? �;�B�p�2�b �+�Q�`�`�2�+�i �p���H�m�2�b �7�Q�`
�i�?�2 ���M�;�H�2�b �Q�7 �B�M�+�B�/�2�M�+�2 �Q�7 �i�?�2 �T�?�Q�i�Q�M�b�X �A�M �E�P�h�P�- �#�v �+�Q�K�T���`�B�M�; �i�?�2 �Q�#�b�2�`�p�2�/ �+�H�m�b�i�2�`
�b�?���T�2�b �i�Q �i�?�Q�b�2 �2�t�T�2�+�i�2�/ �7�`�Q�K �i�?�2 �+�Q�`�`�2�+�i ���M�/ �B�M�+�Q�`�`�2�+�i �p�2�`�i�2�t �T�Q�b�B�i�B�Q�M �?�v�T�Q�i�?�2�b�2�b�- �i�?�B�b
�#���+�F�;�`�Q�m�M�/ �B�b �`�2�/�m�+�2�/ �i�Q �R�y�W �Q�7 �B�i�b �Q�`�B�;�B�M���H �H�2�p�2�H�- �r�?�B�H�2 �K���B�M�i���B�M�B�M�; �N�y�W �b�B�;�M���H �2�{�+�B�2�M�+�v�X
�A�M �i�?�B�b �`�2�T�Q�`�i�- �r�2 ���b�b�m�K�2 �i�?���i �i�?�2 �#���+�F�;�`�Q�m�M�/ �+���M �#�2 �7�m�`�i�?�2�` �`�2�/�m�+�2�/ �B�M �E�P�h�P �A�A �i�Q
�R�W �Q�7 �B�i�b �Q�`�B�;�B�M���H �H�2�p�2�H�- �#�2�+���m�b�2 �i�?�2 �?�B�;�?�2�` �2�M�2�`�;�v �T�?�Q�i�Q�M �B�M �E�P�h�P �A�A �r�B�H�H �;�B�p�2 �#�2�i�i�2�`
�`�2�b�Q�H�m�i�B�Q�M �B�M �i�?�2 �T�?�Q�i�Q�M ���M�;�H�2 �Q�7 �B�M�+�B�/�2�M�+�2�X �6�m�`�i�?�2�` �b�i�m�/�B�2�b ���`�2 �B�M �T�`�Q�;�`�2�b�b�X �h�?�2 �M�m�K�#�2�`
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�6�B�;�m�`�2 �j�N�, �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �E�2�j �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b �B�M �i�?�2zvtx �@pT �T�H���M�2 �7�Q�` �� �`�m�M�M�B�M�; �i�B�K�2
�Q�73 � 107 �b�X ���H�H �+�m�i�b �2�t�+�2�T�i �7�Q�` �i�?�Q�b�2 �Q�MpT ���M�/zvtx ���`�2 ���T�T�H�B�2�/�X

�Q�7K L ! 2
 �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b �B�b �2�p���H�m���i�2�/ �i�Q �#�2 �9�X�3�- ���b �b�?�Q�r�M �B�M �6�B�;�X �9�y�X �6�Q�` �i�?�2 �?���H�Q
K L �;�2�M�2�`���i�B�Q�M �B�M �i�?�B�b �b�B�K�m�H���i�B�Q�M�- �i�?�2 �+�Q�`�2K L �K�Q�K�2�M�i�m�K �b�T�2�+�i�`�m�K ���M�/ �?���H�Q �M�2�m�i�`�Q�M
�/�B�`�2�+�i�B�Q�M�b �r�2�`�2 �m�b�2�/�X �a�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�B�2�b �Q�M �i�?�2 �~�m�t ���M�/ �K�Q�K�2�M�i�m�K �b�T�2�+�i�`�m�K ���`�2
�m�M�/�2�` �7�m�`�i�?�2�` �b�i�m�/�v�X

�6�B�;�m�`�2 �9�y�, �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �?���H�QK L ! 2
 �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b �B�M �i�?�2zvtx �@pT �T�H���M�2 �7�Q�` ��
�`�m�M�M�B�M�; �i�B�K�2 �Q�73 � 107 �b�X ���H�H �+�m�i�b �Q�i�?�2�` �i�?���M �i�?�2pT ���M�/zvtx �+�m�i�b ���`�2 ���T�T�H�B�2�/�X

�e�X�8�X�8K � ! � 0e� �

K � �b ���`�2 �;�2�M�2�`���i�2�/ �B�M �i�?�2 �B�M�i�2�`���+�i�B�Q�M �Q�7K L �b�- �M�2�m�i�`�Q�M�b�- �Q�`� � �b �B�M �i�?�2 �+�Q�H�H�B�K���i�Q�` �B�M �i�?�2
�#�2���K �H�B�M�2�X �>�2�`�2 �r�2 ���b�b�m�K�2 �i�?���i �i�?�2 �b�2�+�Q�M�/ �b�r�2�2�T�B�M�; �K���;�M�2�i �M�2���` �i�?�2 �2�M�i�`���M�+�2 �Q�7 �i�?�2
�/�2�i�2�+�i�Q�` �r�B�H�H �`�2�/�m�+�2 �i�?�2 �~�m�t �i�Q �R�y�W �Q�7 �B�i�b �Q�`�B�;�B�M���H �p���H�m�2�X

�>�B�;�?�2�` �K�Q�K�2�M�i�m�KK � �b �+���M �b�m�`�p�B�p�2 �B�M �i�?�2 �`�2�;�B�Q�M �/�Q�r�M�b�i�`�2���K �Q�7 �i�?�2 �b�2�+�Q�M�/ �K���;�M�2�i�-
���M�/K � ! � 0e� � �/�2�+���v�b �+���M �Q�+�+�m�` �B�M �i�?�2 �/�2�i�2�+�i�Q�`�X �h�?�B�b �#�2�+�Q�K�2�b �� �#���+�F�;�`�Q�m�M�/ �B�7 �i�?�2
e� �B�b �m�M�/�2�i�2�+�i�2�/�X �h�?�2 �F�B�M�2�K���i�B�+�b �Q�7 �i�?�2� 0 �B�b �b�B�K�B�H���` �i�Q �i�?���i �B�MK L ! � 0� � �/�2�+���v�b�c
�i�?�2�`�2�7�Q�`�2�- �i�?�B�b �B�b �Q�M�2 �Q�7 �i�?�2 �K�Q�`�2 �/���M�;�2�`�Q�m�b �#���+�F�;�`�Q�m�M�/�b�X �.�2�i�2�+�i�B�Q�M �Q�7 �i�?�2e� �B�b �Q�M�2 �Q�7
�i�?�2 �F�2�v�b �i�Q �`�2�/�m�+�2 �i�?�B�b �#���+�F�;�`�Q�m�M�/�X

�q�2 �?���p�2 �2�p���H�m���i�2�/ �i�?�2 �M�m�K�#�2�` �Q�7 �i�?�2 �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b �i�Q �#�2 �9�X�y�- ���b �b�?�Q�r�M �B�M �6�B�;�X �9�R�X
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�6�B�;�m�`�2 �9�R�, �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7K � ! � 0e� � �2�p�2�M�i�b �B�M �i�?�2zvtx �@pT �T�H���M�2 �7�Q�` �� �`�m�M�M�B�M�; �i�B�K�2 �Q�7
3 � 107 �b�X ���H�H �+�m�i�b �2�t�+�2�T�i �7�Q�` �i�?�2pT ���M�/zvtx �+�m�i�b ���`�2 ���T�T�H�B�2�/�X

�h�?�2 �p�2�i�Q �i�B�K�B�M�; �Q�7 �i�?�2 �#���`�`�2�H �/�2�i�2�+�i�Q�` �B�b �2�b�b�2�M�i�B���H ���H�b�Q �7�Q�` �`�2�/�m�+�i�B�Q�M �Q�7 �i�?�B�b �#���+�F�;�`�Q�m�M�/�X
�6�B�;�m�`�2 �9�k �b�?�Q�r�b �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �#���`�`�2�H �?�B�i�@z�@�T�Q�b�B�i�B�Q�M ���M�/tBarrelVeto �7�Q�K̀ �

�2�p�2�M�i�b�X �h�?�2 �H�Q�r�2�` �K�Q�K�2�M�i�m�K �2�H�2�+�i�`�Q�M�b �Q�` �T�Q�b�B�i�`�Q�M�b �+�Q�M�i�`�B�#�m�i�2 �i�Q �i�?�2 �2�p�2�M�i�b �r�B�i�? �H���`�;�2�`
tBarrelVeto �/�m�2 �i�Q �i�?�2 �#���+�F�r���`�/�@�;�Q�B�M�; �+�Q�M�}�;�m�`���i�B�Q�M �b�B�K�B�H���`�H�v �i�QK L ! � 0� 0�X �l�M�H�B�F�2 �7�Q�`
�T�?�Q�i�Q�M�b�- �i�?�2 �/�2�i�2�+�i�B�Q�M �2�{�+�B�2�M�+�v �7�Q�`e� �B�b �?�B�;�?�-�#�2�+���m�b�2 �� �7�2�r�@�J�2�o �2�H�2�+�i�`�Q�M �B�b �b�i�B�H�H ��
�K�B�M�B�K�m�K�@�B�Q�M�B�x�B�M�; �T���`�i�B�+�H�2�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 �H�Q�b�b �Q�7 �i�?�2 �H�Q�r�@�K�Q�K�2�M�i�m�K �T���`�i�B�+�H�2�b �Q�m�i�b�B�/�2
�i�?�2 �p�2�i�Q �r�B�M�/�Q�r �+���M �b�B�;�M�B�}�+���M�i�H�v �B�M�+�`�2���b�2 �i�?�2 �M�m�K�#�2�` �Q�7 �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b�X �h�?�2 �9�y�@
�M�b �p�2�i�Q �r�B�M�/�Q�r �7�`�Q�K� 5 �M�b �i�Q35 �M�b �B�b ���/�Q�T�i�2�/ �#�2�+���m�b�2 �i�?�2 �M�m�K�#�2�` �Q�7 �2�p�2�M�i�b �r�B�i�?
tBarrelVeto > 35 ns �B�b �b�K���H�H �U�y�X�8 �2�p�2�M�i�b�V�X �h�?�2 �M�m�K�#�2�` �Q�7 �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b �B�M�+�`�2���b�2�b �i�Q
�j�k�k�- �7�Q�` �2�t���K�T�H�2�- �B�7 �r�2 �b�2�i �� �k�y�@�M�b �p�2�i�Q �r�B�M�/�Q�r �U� 5 ns < t BarrelVeto < 15 ns�V �B�M�b�i�2���/ �Q�7
�i�?�2 �9�y�@�M�b �p�2�i�Q �r�B�M�/�Q�r�X

�6�Q�` �i�?�B�b �`�2�T�Q�`�i�- �r�2 �m�b�2 �i�?�2 �b���K�2 �p�2�i�Q �i�B�K�B�M�; �7�Q�` �i�?�2 �+�?���`�;�2�/ �p�2�i�Q ���b �7�Q�` �i�?�2 �T�?�Q�i�Q�M
�p�2�i�Q�X �h�?�2�`�2 �B�b �`�Q�Q�K �i�Q �Q�T�i�B�K�B�x�2 �i�?�2 �p�2�i�Q �i�B�K�B�M�;�b �B�M�/�2�T�2�M�/�2�M�i�H�v�X

�6�B�;�m�`�2 �9�k�, �*�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�MtBarrelVeto ���M�/ �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �B�M�+�B�/�2�M�+�2 �B�Mz �Q�M �i�?�2 �#���`�`�2�H
�7�Q�`e� �7�`�Q�KK � ! � 0e� � �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b ���7�i�2�` �B�K�T�Q�b�B�M�; ���H�H �i�?�2 �+�m�i�b�X �h�B�K�2 �b�K�2���`�B�M�;
�B�b �M�Q�i ���T�T�H�B�2�/�X

�e�X�8�X�e �>���/�`�Q�M �+�H�m�b�i�2�`

�h�?�2 �?���/�`�Q�M �+�H�m�b�i�2�` �#���+�F�;�`�Q�m�M�/ ���`�B�b�2�b �r�?�2�M �� �?���H�Q �M�2�m�i�`�Q�M �?�B�i�b �i�?�2 �+���H�Q�`�B�K�2�i�2�` �i�Q �T�`�Q�@
�/�m�+�2 �� �}�`�b�i �?���/�`�Q�M�B�+ �b�?�Q�r�2�`�- ���M�/ ���M�Q�i�?�2�` �M�2�m�i�`�Q�M �7�`�Q�K �i�?�2 �b�?�Q�r�2�` �i�`���p�2�H�b �B�M�b�B�/�2 �i�?�2
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�+���H�Q�`�B�K�2�i�2�`�- �T�`�Q�/�m�+�B�M�; �� �b�2�+�Q�M�/ �?���/�`�Q�M�B�+ �b�?�Q�r�2�` ���i �b�Q�K�2 �/�B�b�i���M�+�2 �7�`�Q�K �i�?�2 �}�`�b�i �Q�M�2�X
�h�?�2�b�2 �i�r�Q �?���/�`�Q�M�B�+ �+�H�m�b�i�2�`�b �K�B�K�B�+ �i�?�2 �b�B�;�M���H�X

�q�2 �?���p�2 �2�p���H�m���i�2�/ �i�?�B�b �#���+�F�;�`�Q�m�M�/ �m�b�B�M�; �?���H�Q �M�2�m�i�`�Q�M�b �T�`�2�T���`�2�/ �r�B�i�? �i�?�2 �#�2���K �H�B�M�2
�b�B�K�m�H���i�B�Q�M�- ���M�/ �r�B�i�? �� �+���H�Q�`�B�K�2�i�2�` �+�Q�K�T�Q�b�2�/ �Q�7 �8�y�@�+�K�@�H�Q�M�; �*�b�A �+�`�v�b�i���H�b�X �� �7�m�H�H�@�b�?�Q�r�2�`
�b�B�K�m�H���i�B�Q�M �r���b �T�2�`�7�Q�`�K�2�/ �r�B�i�? �i�?�Q�b�2 �M�2�m�i�`�Q�M�b�X

�q�2 �2�p���H�m���i�2�/ �i�?�2 �M�m�K�#�2�` �Q�7 �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b �i�Q �#�2 �j�X�y ���b �b�?�Q�r�M �B�M �6�B�;�X �9�j�X �>�2�`�2 �r�2
���b�b�m�K�2 �i�?���i �i�?�2 �?���/�`�Q�M �+�H�m�b�i�2�` �#���+�F�;�`�Q�m�M�/ �+���M �#�2 �`�2�/�m�+�2�/ �#�v �� �7���+�i�Q�` �Q�710� 7 �r�B�i�? �i�?�2
�+�H�m�b�i�2�`�@�b�?���T�2�- �T�m�H�b�2�@�b�?���T�2�- ���M�/ �b�?�Q�r�2�`�@�/�2�T�i�? �B�M�7�Q�`�K���i�B�Q�M �B�M �i�?�2 �+���H�Q�`�B�K�2�i�2�`�X �A�M �E�P�h�P�-
�r�2 �?���p�2 ���+�?�B�2�p�2�/ �#���+�F�;�`�Q�m�M�/ �`�2�/�m�+�i�B�Q�M �#�v �� �7���+�i�Q�` �Q�7� ((2:5 � 0:01) � 10� 6) �r�B�i�? �d�k�W
�b�B�;�M���H �2�{�+�B�2�M�+�v �#�v �m�b�B�M�; �+�H�m�b�i�2�` ���M�/ �T�m�H�b�2 �b�?���T�2�b�X �"�v �m�b�B�M�; �i�?�2 �b�?�Q�r�2�` �/�2�T�i�? �B�M�7�Q�`�K���i�B�Q�M�-
�r�2 ���+�?�B�2�p�2�/ ���M ���/�/�B�i�B�Q�M���H �`�2�/�m�+�i�B�Q�M �7���+�i�Q�` �Q�7� (2:1� 10� 2) �r�B�i�? �N�y�W �b�B�;�M���H �2�{�+�B�2�M�+�v ���M�/
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