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 / ¶ ^0? Db?*¬b\cC�^�\_���lDRGa}�d=kNB�^lfgB)E�d
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y�DFC�DbHq}4B�D DF¤��3DRC4^�� DRE�}�\_��P-^�G4}�C4^��-e�}�^ldbE-G��Ädb�l�ldck�}4B�D �«dbE�}�D
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P-^�Gg\c�OC�DRDR� DRE�}�GvP�^lG�\_���@DS\cCv^��i}�B-D�}�B-D�G4}�\_E�P@\cC4P¡\_}���dOG���B-DRC�^lf
E-DRe�}�C4^lE�d���r ^�GNC4DR����\cfFDRP���sa}�B�D �"8�9:�"�
8�� ��r ¬bDRC4G�^ldbE?

fS¸�£0E�dbC4P�DRC;}4d1\cfRfRdOe�E�} �îdbC)�3dbG�G4^l���lD��@\_}�B�dO�ldb�b^lfI\_� � �0C� 
DA�
��2�îDI\c}4e�C�DFGM^lE�}�B�DzP@\_}�\ G�\_�����lD ¶ DRG4�@DFfR^�\c�l�ls�fRC�dOG�G�xW}g\c�lm�¸RH
kvD + � ^lE�¬bDFG�}�^l��\c}�DFP �3\cG�^lf1�-e��lG�D1\c� ���l^�}4e�P�D \cE�P ��e��lG4D
kN^lP�}4B ¶ u���u�¸�P�^lG4}�C�^l��e-}�^ldbE�G"\cE�P +.+ � C�Dgx �@}4}�DRP \c�l�MDR¬ODRE�}�G
\®�î}�DFC=}�B�D)fRC4dbG�G�xW}g\c�lm B�^l}"fR�lDI\cE�^lE��*��C4d�fFDRP�e�C4DÖ\_�����l^lDRP ^lE
A�E@\c�ls�G�^lG2£�£ ¶ kNB�^lf�Ba^lG�}4^l�bB�}�DRC.}�B@\_Ea}�B�DNG4}�\cE-P@\cC4P�fRC4dbG�G�xW}g\c�lm
fF��DS\cE�^lE�� ^lE�}�C4d�P-e�fRDRP ^lE1h�DRfR}4^�dOE1£0µ�A ¸F? [vdb}�B7�1}�B-DRG�D
P-^�G4}�C4^��-e�}�^ldbE-G�\cE-P¡}4B@\c},�îdbC�}�B�DYC�DRfI\_�lfRe���\c}4DRP �FDRE�^l}�B \_E��b�lDRG
G4B�dck)E�dMG4^��OE�^ �@fI\_E�}2P�DF¬�^�\_}�^ldbEz�îC4db�²}�B�D���C�DR¬�^ldbe-G�dbE�DFGI?2¯�d
fFC�dbG4G0x0}�\_��m �îDI\c}4e�C�DFG \cC4D"�îdbe�E-P;^lE�}4B�D=C�DRG4e��l}�^lE��)E�DRe-}�C�^lE�d
Gg\c� ���lDb?

P3¸ ��^lE@\_�l��s�H�\ A�+ /02F? � +.-�/�G�
�;�13+ �"- dc�;}�B-D �îe��l�=E�DRe-}�C�^lE�d
Gg\c� ���lDNk]\_G��3DRC0�ÄdbC�� DRP�H���sa¬�^lG�e@\_���lsaP�^lG4����\Ss�^lE��qDI\_fgB¡DF¬bDRE�}
�l^lmbD"^lEÖ�^l�@? F@?7uNB�D=¬�^lG�e3\c�M^lE�G4�@DRfF}�^ldbE �O^�¬ODRG�fRdOE�G�^lG4}�DRE�}
C4DRG�e-��}4G�kN^l}4Ba}�B�DNdO}�B�DRCv��DF}�B�d�P�G2dc���3\cfgm��bC�dOe�E�PaDRG4}�^l�¡\_}�^ldbE
\_E�P�s�^lDR�lP�GN\cEae��-�@DRCN�l^l��^l}2dbE }�B�D��@\cfgm��bC4dbe�E-P�fRdOE�}g\c� ^�E3\Sx
}4^ldbE"dc���ae�dOE�G��îC�dO�äC�\_E�P�dO� fFdb^lE�fR^lP�DRE�}Z\_^lCMG�B�dckvDRC4G ¶ G�DRD
�3DR�ldck�¸R?
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}�C4^l�b�bDFC��lDR¬bDF� ¶ G�DRD=}g\c���lD�£4£�¸R? [vDRfI\_e�G�D=}4B�D �3\cG�G4^lE���Cg\c}�DFG
P�^U°iDRCZG4�l^��OB�}��ls��@DR}0kvDRDRE)}4B�D�DR¤��3DRC�^l� DRE�} ¶ B�^l�OB�DRC�¸Y\cE�P }�B�D
�@\_f�m��OC�dbe-E�P¡��dOE�}�D�rN\_C��ld ¶ ��dckvDRCg¸RHOk�D��¡\cP-D�}4B�DqfRdbE�G4DRC�¬b\®x
}�^l¬ODZfgB�dO^�fFDa}�d�C4DRE�dbC4�¡\_��^l�RDY}�B�D �@\cfgm��bC4dbe�E�P=��dOE�}4D�rN\cC4��d
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���lDb?
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�@C4G�}�\_����C4dc¤�^l��\c}�^ldOE�?
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	 ¸zkNB�^lfgB B3\cGz�@DRDFE;P�^lG�fRe-G�G�DFP�^lE h$DRfR}�^ldOE µ¨A = G4DRD
�^l�@?5L�\cE�P)\c�lG�d �^l�@? 7�F ¶ }�dO�@¸R?=h�^lE�fRD�}4B�DRC�D�\_C�D�C4DR�¡\_^lE�^lE��
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}�\_^l�W?.A�G�G�B�dckNE�^lE �^l�@?%7A�-H�}4B�D��@E@\_��DR¤��3DRC�^l� DRE�}�\c�iGg\c� ���lD
dc�NE�DRe-}�C�^lE�d"fI\_E�P�^lP@\c}4DRGMG4B�dckNGZE-d¡G4}�\_}�^lG�}4^�fS\c�l�ls G4^��OE�^ �@fI\_E�}
DR¤�fRDRG4GakN^l}�B=C�DFG��3DRfR}�}4d�}�B-D¡\c}4��dOG���B�DFC�^lfZE-DRe�}�C4^lE�d �«dbE�}�D
rN\cC4�ldN��C�DRP-^�fF}�^ldbEq^lEq}�B�D�C4DR�b^ldOE�Gidc��}�B-D�fgB@\cCg\cfR}4DRC�^lG�}4^lf��3DI\cm�GS?
uNB�DRC4Dg�îdOC�DbHv\cE=e����3DRCz�l^�� ^l}NdbE=}�B-^�GzG��3DRfR^�\_��fR��\_G�Gzdc�N�@\cfgmOx
�bC4dbe�E-P¡kN\cGNP-DRC�^l¬bDFP«\_E�P�s�^�DF��P-G � D�9zDR¬ODRE�}�GS?
uNB�D�¬�^lG�e3\c�i^lE�G��3DRfR}4^ldbE�dc�2}�B�DqE�DRe-}�C�^lE�dzG�\_�����lDNs�^lDR�lP�G�7AD

DR¬ODRE�}�GI? h�DR¬bDFE=dc��}4B�DR� G�B�dck²}�B�DaG4^l�bE@\_}�e�C4DZd_�]fRdO^lE�fR^lP�DRE�}
�ae�dOE�GN�îC4db�7^lE�P�DF�@DRE-P�DRE�}Z\c^lC�G�B�dckvDRC�G.C2^0? DO?�H3}0kvd�kvDR�l�2G�DR��x
\cCg\c}4DRP�G��3\c}�^�\_�©fFdbE�fRDFE�}4C�\_}�^ldbE�Gqd_��B-^�}4GIH3DI\_f�B"kN^l}�B \§P�dckNE�x
kN\cC�PY}�^l��D �@dck �-e�}�kN^l}�BY}�B�D��ldckvDRC��OC�dOe��M\c���3DI\cC4^lE���DI\_C��l^lDRC
}�B3\cEz}�B�DNe��-�@DRC.dbE�Db?2u�\_m�^lE���^lE�}4d�\_fRfRdbe-E�}.}�B�DNG4fI\cE�E-^�E-��D���x
�@fR^lDRE-fR^lDRGqkNB�^lf�B�kvDRC�DYP�DR}�DFC���^lE�DFP���s�G�fS\cE�E�^lE��aG4^l�bE@\_��\cE�P
�@\_f�m��OC�dbe-E�P���dOE�}4D rN\_C��ld=DR¬ODRE�}�GIHM\_E;e����3DRC��l^l��^l}Zd_� ��D
DR¬ODRE�}�G�^lGNdO��}�\_^�E-DRPa�îC4db�1¬�^lG�e3\c�i^lE�G��3DRfR}4^ldbE�?
rvdb�a��^lE�^lE���}4B�D�C�DFG�e��l}�G �îC4db� }�B�D"\c�3dc¬bD���DR}4B�d�P�GIH,}�B�D

DR¤��3DRfR}�DFP¡�3\cfgm��bC�dOe�E�Pz^lG�DRG�}4^l�¡\c}4DRPz}�dM\c� dbe�E�}�}4d�FM}�d�7A;
%
dc�2}�B�D�����DYDR¤��3DRC�^l��DFE�}g\c�iDR¬ODRE�}�GS?

����� -���- ��� �%� �6�*�

uNB�D�G�DRfFdbE�P;\cE3\c�ls�G�^lGq�îdO���ldckNGM\¨P�^U°nDRC4DRE�}�\c���-C�d�\_fgB Cv^�E$x
G4}�DI\_P=dc��dO��}�^l� ^��F^�E-�afRe�}�GY}�d�C�Dî��DRfR}z��^lG�C4DRfRdbE-G�}�C4e�fR}4DRP�fRdOG0x
� ^lf�C�\Ss;�ae-dbE�GSHN}�B�^lG \_E@\c�ls�G�^lG�fRdOE�fRDRE�}�Cg\c}4DRG dOE�^l� ��C�dc¬Ox
^lE��"}�B-D¡C4DRfRdOE�G�}4C�e�fR}4^ldbE \c�l�bdOC�^l}�B�� kN^l}�B C�DRG4�@DFfR}�}�d"�@\_f�mOx
�OC�dOe�E�PMC4Dî�gDRfR}4^ldbE�?2uNB�Dv��\cC4�bD�P�dckNE-�bdb^lE��N�ae-dbE
�@e�¤q^l�����l^lDRG
}4B@\c}.DR¬bDRE�\�G4�¡\c�l�O�îCg\cfR}4^�dOEZd_�nP-dckNE��bdO^�E-���ae�dOE�G2��^lG�C4DRfRdbE$x
G4}�C4e�fR}�DFP¡\cG2e��-�bdb^lE���kN^l������C4d�P�e�fRD�\�¬bDFC�sM��\cC4�bDv�@\cfgm��bC4dbe�E-P
Cg\c}4Db?�L2��e�^l¬b\_��DFE�}4�ls�H�îdOCaDI\cfgB;\c�-�@\cC4DRE�}��ls�e��-�bdb^lE��"DR¬ODRE�}IH
}4B�DRC4D�kvDRC4D���\cE�sM� dbC�DNP-dckNE��bdO^�E-�M�ae�dbE-G©�3\cG�G4^lE��Z}4B�DqP�Dgx
}4DRfR}4dbC�}4B@\cE¨}�B�DRC4DMkvDRC�DMe-���bdO^�E-�a�ae�dbE�G.CbDF¬bDRE�}4B�dbe-�bB�\cE�s
G4^lE��b�lDzP�dckNE��bdO^lE����ae�dbE�B3\cP=dbE-��s"\�G���\c�l����C4db�@\_��^l�l^�}0s¨dc�
�0\cm�^lE���\cE=e����Odb^lE���DF¬bDRE�}IH.}�B�D }�dO}�\c�v��C4db�@\_��^l��^l}0s�}4B@\c}Y}�B�D
DF¬bDRE�}NkN\cG�\Y�W\_mbD�^lGN��e�^l}�DqB�^l�OB�?

-��j7 	�k���B���	g
@	���A�?@
�B�� �&:�A�� �]? 

uNB�^lG]\_E@\c�ls�G�^lGvdc��}4B�Dq��C�dO���lDR�1��dO}�^l¬b\c}4DRG�\M[N\SsbDFG�^�\cE�\c��x

�-C�d�\_fgB �5�GF��v}�d�DF¬bDRE�}MC4DRfRdbE-G�}�C4e�fR}4^�dOE�?a[N\SsbDRG:�iuNB�DRdOC�DR� ^lE
�-C�db�3\c��^l�l^l}0s�}�B�DFdbC�s"G�}g\c}4DRGa}�B@\_}q�îdOCM}0k�d"\cG�G4DRC�}4^ldbE�G���\cE-P
�§H

� ¶ � 4 �Y¸�� ¶ �M¸�(�� ¶ � 4 �q¸�� ¶ ��¸ Z
kNB-DRC�D�� ¶ � 4 �M¸z^lG }�B�D��-C�db�3\c��^l�l^l}0s=dc�Z\cG4G�DRC4}�^ldbE��ä�O^�¬ODRE
}4B@\c}�� ^lGa}�C4e�Db? £0P�DFE�}4^U�îs�^�E-�	� kN^�}4B;\"�@\cC4}�^lfRe���\cC �ae�dbE
}4C�\_f�m�B�s��@dO}�B�DFG�^lG ��\_E�P
� kN^l}�B�}�B�DzP@\_}�\zC�DFfRdbC4P�DRP¨�îdbC�\_E
DF¬bDRE�}N^lE�}�B�DqP�DR}4DRfR}4dbCIH3kvDMB@\S¬OD

� ¶ � 4 P@\_}�\c¸�( D F � H'I ¶ P@\_}�\ 4 ��¸�� ¶ ��¸ Z
kNB-DRC�D k�DaB@\S¬ODZP-C�db�-�@DRP)\ E�dbC4�¡\c�l^l�I\_}�^ldbE �W\_fR}�dOC�� ¶ P3\c}�\c¸
kNB-^�fgB ^�GN\qfRdOE�G�}g\cE�}v�îdOC�}4B�D�dO��G�DRC4¬bDRP�DR¬ODRE�}I?.uNB�DN�îe-E�fR}�^ldOED F � H'I ^lG2}�B-D�C4DR�be���\_C©�l^lmbDF��^lB�d�d�PN�Äe�E�fR}4^�dOEMdc�iL2�i?K7bHc\cE-P�� ¶ ��¸
^lGv}�B�DYG�dcx0fI\_���lDRP ��C�^ldOC��îe-E�fR}�^ldOE�H�}�B�Dq��C4db�@\_��^l�l^�}0szdc��\z�ae�dbE
�m( � ¶ c Z�e@Z�f@Z�\gZ�h ¸��@\_G�G4^�E-�a}�B�C4dbe��OB¡}4B�DqP�DR}4DRfR}�dOCI?��dOC7}�B�^lGä\_E@\c�ls�G�^lGIH²kvD6B@\S¬bD e�G�DFP \ G�^l���-��D7dOE�Dgx
P-^�� DRE�G4^�dOE@\c�2��C4^ldbCY�îe�E�fR}4^ldbE�H2fRdOE�}�\c^lE�^lE��¨}�B�D �RDRE�^l}�B;\_E��b�lD
^lE��ÄdbC���\c}4^�dOE¡\_}�}4C�^l�b�ODRCq�lDR¬bDR�.^�E=�^l�@?%D�?Y[�s=\cfRfFdbe�E�}�^lE�� ^lE
}4B�DzC�DRfRdOE�G�}4C�e�fF}�^ldbE¥�îdbCq}�B-DM�W\_fR}q}�B@\_}q}�B�D��@e-¤�dc��P-dckNE��bd_x
^lE��q�ae�dOE�G�îC�dO�:fRdOG�� ^�fvC�\Ss�G�^lG���\cE�sqdbC4P�DRC�Gvdc����\c�OE�^l}�e�P�D
��\_C��bDFC�}4B@\cEa}4B@\c}vdc��e��-�bdb^lE��YE�DRe�}4C�^lE�dcx0^lE�P�e�fFDRP��ae�dOE�GIH_}�B�D
E�e��a�3DRCqdc��P-dckNE��bdO^�E-���ae�dOE�Gq}�B@\_}Z\cC4D���^lG4C�DRfRdOE�G�}4C�e�fF}�DRP
\_GMe����Odb^lE���^lGM�bC4DI\c}4�ls C4DRP�e�fRDFP�?"£0}MG�B�dOe��lP=�@D E�db}4DRP�}4B@\c}
}4B�Dadb�b��DRfR}�^ldOE�GM}�B3\c}M\cC4Dadc�î}4DRE=C�\_^�G4DRP"kN^�}4B C4DRG��3DRfR}a}4d�}�B�D
e-G�Dadc��[N\SsbDFG�^�\cE"G�}g\c}�^lG4}�^lfRGz^�E"��B�s�G�^lfRGZ\_C�D E�db}qC�DF��DF¬b\cE�}M}�d
}4B�^lGN��C�dO���lDR� �}�B-DM��C�^ldOCv�îe�E�fR}4^ldbE�^lGNk�DR�l�P�D��@E�DFP \cE�P�E�dOC0x
��\c�l^l�RDRPZ\_E�Pz^�E-P�DR�3DRE�P�DRE�}4��szm�E�dckNEz}�dMC4DR��\c}�^l¬ODR�ls��Od�d�Pz��C4Dgx
fF^�G4^ldbE�H-fRdbE�G4^lG�}�^lE��adOE��ls�d_��}4B�D��@e-¤�DFG�d_�©fRdOG�� ^�fqCg\Ss��ae�dOE�G
\_E�P�\c}4��dbG4��B�DRC4^lf��ae�dOEaE�DRe�}4C�^lE�dbGS?

7�� 	���90?�� 	��'?
	 ��
�B�����:90��
@��	���- � � � 	 	 A��3B
uNB�D�[]\SsODRG�^�\_E�C�DFfRdbE�G4}�C4e�fR}�^ldOE \_�l�bdbC4^l}�B�� ^lGMB�^l�bB-��s"D�#ax

fF^�DFE�}a\c}YC�Dî�gDFfR}�^lE��"P�dckNE��Odb^lE����ae�dbE"DR¬ODRE�}�GI?"�,��� �5I� K7A; o



7�F

DR¬ODRE�}�G��@\cG4G�^lE�� }�B�D¨�W\cG4}��@�l}4DRCIHNdOE��ls 9 � 4  %7A;_V \cC4D�C�DFfRdbE�x
G�}4C�e�fF}�DRP \cG e����bdO^lE��@?)[vs)fRdbE�}�Cg\cG4}IHN}4B�D�G�}g\cE�P3\cC�P �¡\c¤�^Ux
�ae��7�l^lmbDR�l^lB�d�d�P�C�DFfRdbE�G4}�C4e�fR}�^ldOE���C4d�P-e�fRDRG�\_�@dOe�}�� � F  K7:;bt
�W\_��G4D�e-���bdO^�E-��C�DFfRdbE�G4}�C4e�fR}�^ldOE�GI?.y�dckvDR¬bDRCSHc�lDRG�G.}�B@\_Eª\,}�B�dOe�x
G�\_E�P�E-DRe�}�C4^lE�dZDF¬bDRE�}�G�\_C�D���C�DRP-^�fF}�DRP���s���dbE�}4D�rN\cC4�ld@HOG�dM^l}
^lGMfR�lDI\_CM}�B@\_}Z\�G4^��OE�^ �@fI\_E�}YE�e-�a�@DRCqd_����^lG�C4DRfRdbE-G�}�C4e�fR}4^�dOE�G
C�DF�¡\c^lE�?
|�DR}�\_^��lDRP ^lE�G��3DRfR}4^�dOE�dc��}4B�D�9 �54	 �7:;cVqDR¬bDFE�}4G�C4DR¬bDI\_�lG�}�B3\c}

}�B-D�¬b\cG4}M�¡\F�gdbC4^�}0s�^lGM��C4d�P�e�fRDRP)��s"fRC�dOG�G0x0}�\_�lm dc¬ODRC���\c^lP"dbE
}�C4^l�b�bDFC�Gv�îC4db��P�dckNE��bdO^lE��M�ae�dOE�G�DF��^l}�}4^�E-�M��C�^l�OB�}vG�}4d�f�B3\cG0x
}�^lfz�l^��OB�}�E�DI\_CM}�B-DZP�DF}�DRfR}4dbCS?�uNB�^lGqfRC4dbG�G�xW}g\c�lm�fRdOE��îe�G4DRGz}�B�D
C�DFfRdbE�G4}�C4e�fR}�^ldOE \_���OdbC4^�}4B�� HO��C4d�P-e�fR^lE���\c�-�@\cC4DRE�}��ls�e��-�bdb^lE��
}�Cg\cfgm�GI? [�DFfI\ce�G4D�fRC�dOG�G0x0}�\_�lm�^lGME�db}Y^�E-fR�le�P�DRP"^lE=}�B�DaP�DF}�DRfgx
}�dOC�G4^��ae-�´\_}�^ldbEH�}4B�D�fgB@\cCg\cfR}4DRC�^lG4}�^lfRG�d_��}4B�D��W\_mbDRG�\_C�D�E-db}
��C4DRP�^lfR}�DFP=k�DR�l�2��s�}�B�DaG4^��ae-�´\_}�^ldbEH�\_E�P }4B�DzC�\c}4DZd_����^lG4C�Dgx
fRdOE�G�}4C�e�fR}4^ldbE�^lGN�ae�fgBaB�^l�bB-DRCN}�B@\_E���C�DRP-^�fF}�DRP�?
uNB�D�fRC�dOG�G�xW}g\c�lm�^lGaC�DF��dc¬bDFP���s \_P�P�^l}�^ldbE3\c�vB�^l}afR�lDI\cE�^lE��

C�dOe�}�^lE�DFG�P�DR¬ODR�ldb�3DRP"��s DR¤�\c� ^�E3\c}�^ldOEadc��}�B�^lG�fRC�dOG�G0x0}�\_�lm¡DFE�x
C�^lfgB�DRPzP@\_}�\vG�DF}I?��-dbC�DF¤$\_�����lDbHFfRC�dOG�G�xW}g\c�lmq^�Eq��\cE�s�fgB@\_E�E�DR�lG
fI\_EZ�3DN^lP�DRE�}�^ �@DRPa^lEMG4fI\c}4}�DRCv���ldb}4G2dc�i��e��lG�DvkN^lP�}�B A0/R?b\_�����l^Ux
}�e-P�DbHi\cG�G�B�dckNE�^lE��^l�@?�7:D�?vuNB�Dz��e��lG�DYkN^�P-}�B�^lG���DS\cG�e-C�DRP
\cGN}4^l��Dgx0dc¬bDRC�xW}4B�C�DFG�B�dO��P ¶ u���u�¸R?3pNDI\_�iB�^l}�Gv�îdOC��1}4B�DqP�^lG�}4C�^Ux
��e�}4^ldbE�G�B�dckNE¨dbE�}4B�DM�lDg�î}S?Ny�^l�bB�\_�����l^l}�e�P-D���e��lG4DRG�G4B�dbe��lP
B@\S¬OD���\cC4�bDN��e-��G4DNkN^lP�}�B�?uNB�^lG2^lG©E-db}�}4B�DNfI\cG4DN�îdOC2fRC�dOG�G0x0}�\_�lm
^lE�P�e�fFDRPa��e��lG�DFGI?2£0Ezf�B3\cE�E�DF��G2kN^l}�BzB�^l�bBz�lDR¬bDF��G2d_�@fRC�dOG�G�xW}g\c�lmiH
\cE=\cP-P�^l}�^ldbE@\_��¬ODRC�}4^�fS\c�2�@\cE-P ^lG��îdbe-E�P \_}�B�^l�OB \_�����l^l}�e�P-DRG
��e�}NG4B�dbC4}���e-��G4DqkN^�P-}�B�GSH�\cGNG�DFDRE ^lE }�B�Dq�ldck�DFC �@�be�C4Db?
��}�B�DRCNB-^�}vfR�lDI\_E�^lE��ª\_�l�bdbC4^l}�B�� G©e-G�Dq}�B�Dq}4^�� DNfRdbC4C�DR��\_}�^ldbE

\cE-P \c� ���l^l}�e�P�DzC�DF�´\_}�^ldbE-G�B�^l�=�3DR}0k�DFDRE)C�DI\_��\cE�P fRC�dOG�G0x0}�\_�lm
��e��lG4DRG©\_E�PZ\v�¡\_��d_�$fgB@\_E�E�DR�lG2G�e-G�fRDR�-}�^l���lD�}4dNfRC�dOG�G�xW}g\c�lmM\cE�P
}�B-D�fgB@\cE-E�DR�lGM}�d¨kNB�^lf�B=}4B�DRs�\_C�DafRdOe����lDRP�?�A�E�\cP�P�^l}4^�dOE@\c�
^lE�G�}4C�e�� DRE�}�\_�iDg°nDFfR}IH3�3DR�l^�DF¬bDRP�}4dZ�3DMfI\_e�G�DFP���s��@e�fF}�e@\_}�^lE��
B�^l�bB=¬Odb�l}�\_�bDz�lDR¬bDR�lGSH2��C�d�P�e�fFDRGa}�C4^��O�bDRC4GZkN^l}4B=G�^l�bE@\_�lGq�îC�dO�
��dOG�}a�q��GadbE)}�B-D¡dOe�}�DFC�G�}4C�^lE��OGa��e�}aE�dOE�D�dbE }�B�D¨^�E-E�DRC
�îdOe�CqG�}�C4^lE��bG.C�G4db��D�9�;�;§dc�N}�B�DFG�Da�3db�be-G�}4C�^l�b�ODRC�GYk�DRC4D�\c�lG�d
C�DF��dc¬bDFPa�îC4db�1}4B�DMP@\_}�\YG�DR}S?�uNB�D�9 �54	 G7:;cVqe����Odb^lE��zDR¬bDRE�}4G
kvDRC�D�\_��\c^lEqC�DFfRdbE�G4}�C4e�fR}�DFP«\®�î}�DFC©}4B�DN\cP�P�^l}4^�dOE@\c�OB�^l}2fR�lDI\cE�^lE��
kN\cG�\_�����l^lDRP�?���E��ls�F �5C  �7A;_~ ¶ 4-? F�%a¸dc�i}�B�DNDF¬bDRE�}�GvC�DF�¡\c^lE�DFP
e����Odb^lE��3H�fRdb� �@\cC4DRP�}�d¡\_E�DR¤��@DRfF}�\c}4^ldbE��îC4db�7��dbE�}4DZrN\cC4��d
dc�27:4�9<9M\c}4��dbG4��B�DRC4^lfN�ae�dbEaDR¬ODRE�}�G ¶ D<L�?54"%²dc��}4B�Dq}�dO}�\c�3�3Dgx
�îdOC�Dz}�B�Da\cP�P-^�}4^ldbE@\_��fR�lDI\_E�^lE���¸FH�\cE�P@9�9<9�\_}���dOG���B-DRC�^lfME�DFe�x
}�C4^lE�daDR¬bDFE�}4GI?v��^l�Oe�C�D�7*F ¶ }�dO�@¸vG�B�dckNGN}4B@\c}NkNB-^��lDq}�B-DRC�DMB3\cG
�3DRDRE:\=G4^l�bE�^ �@fI\_E�}�C�DFP�e�fR}4^�dOE�^lE;}4B�D"^�E-G�}�C4e���DFE�}g\c���@\cfgmOx
�bC4dbe�E-P�GIH�\_E)e�E�G�^l�ae���\_}�DRP G�}�C4e�fR}4e�C�D"G�}4^��l��C�DR��\c^lE�Gz^�E }�B�D
fRDRE�}4DRC0x0dc��x0�bCg\S¬�^�}0s ¶ rN�q`M¸.P�^lG�}4C�^l��e�}4^ldbEY�îdbC�}4B�DRG4D�C4DR�¡\_^lE�^lE��
P@\_}�\¨DR¬bDRE�}4GI?)uNB�D�\c�-���l^�fS\c}�^ldOE=dc��\_P�P�^l}�^ldOE@\c�v��e@\c�l^l}0s fFC�^Ux
}�DFC�^�\���C4^�E-�bGq}�B�^lGqP�^lG�}4C�^l��e�}4^ldbE"^�E=\c�OC�DRDF��DRE�}IH2\cGqG4B�dckNE=^lE
�^l�be�C4D 7�F ¶ �@dO}�}4db�¡¸F?

��� i[:�	g������k ��:���B
uNB�Dq^l����C4dc¬bDR� DRE�}�G�^lE�}�B�DYC�DR�l^�\c��^l�l^l}0sZd_�©}4B�DMC�DFfRdbE�G4}�C4e�fgx

}�^ldOE:\c�l�bdOC�^l}�B�� P-DRG�fRC4^l�@DRP1\_�@dc¬OD�db��¬�^�\c}4DRP�}4B�D�E-DRDRP �ÄdbC
��\cC4�bD)E�e��a�@DFC�G=dc��fRe-}��@\_C�\c� DR}�DFC�G=dbC"�ÄdbC=fI\_C�Dg�îe-�¡dO��}�^Ux
��^l�I\_}�^ldbE�d_��}�B�DzfRe�}4GI?z[vDRfI\ce-G�D�}4B�DaG�^l�OE@\c�Ux0}�dcx0E�dO^�G4Dqdc�N}�B�D
e���kN\cC�P$xWC4DRfRdbE-G�}�C4e�fR}4DRP;P@\_}�\¨^�GY��e-^�}4D�B�^l�OB=}�d��3DR�b^lE kN^�}4B�H
kvD�B@\S¬ODN}�B�Dq�3dbG�G4^l��^l��^l}0sMd_��fRdb� �@\cC4^lE��q}�B�Dq�3DRB@\S¬�^ldbC�d_��C�DI\_�

) d q O� �a1� � 91F K �Æ�H�Q�$FA57�69��1� ÍgÂ O{��9$�4�H�657;(/ R ;(�Y��;���9$F7� K ;(/ � , �
;(9������ K �6��5A/<E K O¾>@;2�4���(F , 57� K FA57�:5A/ � , �:��5 K �6��5A�$9��657;�/ K , ;2I-/U5A/
� , �Q91�1������T�E(91�4��OX[057E , ���X�$FA57�69��$���$91F K � K ; R ��;(�4�C� , �2/?� R ��I
� , ;���;���F7�"3��6�4;(/ K �2�4�Q\2�2FA57�Æ;2/$F7D:5 R � , ���19$F K ��I-57�1� , 5 K �(F K ;�F7�(�4EH��O
]`�4; K�K tv���(FA^�5A/��n9�3������$91F K � K ; R , 57E , ���X�$FA57�69��$���2�4��3 , �(�4�H3�������5 �����1D K ���(FAFc�657���4t6;2\H����tv� , �4� K , ;(F7�?� + _ + *�O +J, ��3�9��6t6; � K ���4/:�H� , 57E ,
���Q�1FA57�69<�1��5 K ��9��@��; K ���691�4���657;(/l; R � , �@�H�Q�$FA57�69��1�V�4���H�$;29<����F7�"3�t
�6�4;(/1573 K O

\_E�P�G4^l�ae���\c}�DFP P@\_}�\¨dc¬bDRC�\«kN^�P-D¡Cg\cE��OD�d_��fRe�}zG�}4C�DRE-�b}�B-G
}4dM¬bDFC�^U�îsa}�B3\c}v}�B�D�P@\c}g\M\c�OC�DRDqkN^l}�Ba}4B�D���C4DRP�^lfR}4^�dOE�Gv�îdOC�e���x
�Odb^lE�� E�DRe�}4C�^lE�dcx0^lE�P�e�fFDRP��ae�dOE�GIH<E�db}qdbE-��s¨^�E=E�e��a�3DRCq��e�}
\_�lG�d"^�E }�B�DF^�CafgB@\_C�\_fR}�DRC4^lG�}�^lfRGS?B��G4^�E-�=}�B�D�fRe�}a�3\cC�\_��DR}4DRC�G
P-DRG�fRC4^l�@DRP)^lE�h�DRfF}�^ldbE £0µ r ¶ kN^l}4B=}�B�D ��^lmODR�l^�B-d�d�P"C�DR�-�´\_fRDRP
��sM}4B�DN[N\SsbDRG4^´\_EZ�3dbG4}�DRC4^ldbCv��C�dO�@\c��^l�l^l}0s�¸�\cE-Pª\�C�DF��e-^�C4DR��DFE�}
}4B@\c}DR¬bDFE�}4G%�@}4}�DRPa\cGC�DR��\_}�^l¬bDR�ls�B�dbC4^��FdbE�}�\_�b��s�}4B�D��l^lE�D"�@} �@�Ux
}4DRC�^lE��z\c�l�bdOC�^l}�B��²E�db}.�@D�C�DRfRdOE�G�}4C�e�fF}�DRP \_G�G4}�DRDF���lsae����bdO^lE��
��sz}�B�Dv�Äe��l��C�DRfFdbE�G4}�C�e-fR}�^ldbE ¶ \qC�DR��e�^lC4DR��DRE�}�}4B@\c}.G�e����-C�DRG4G�DRG
C4DRG�^lP�e3\c�3fRC�dOG�G0x0}�\_�lmZ� ^�G4C�DRfFdbE�G4}�C�e-fR}�^ldbE-G�¸RH�\_EZ^lE�P-DR¤Zd_�nDF¬bDRE�}
��e@\_�l^�}0szkN\cGv�îdOC���DFP�?
u2d�P�d G�d@H,k�D"C�DRG4fI\c�lD"}�B�D"G�^l¤)��e@\c�l^l}0s=�@\_C�\c� DR}�DFC�G�P�Dgx

G4fRC�^l�3DRP¡\_�@dc¬ODN��sM}�B�D�fRe��ae���\_}�^l¬bD2P�^lG�}4C�^l��e�}4^ldbE�G�d_�n}4B�D�G4^l�ax
e-�´\_}�DRP�\_}�� dbG��-B�DRC�^lfvE�DRe�}4C�^lE�dzG�^l�bE3\c�0Hb\cE-PafRdbE�G4^lP�DRCv}�B�DNG4^�¤Ox
P-^�� DRE�G4^�dOE@\c�SfRe�}2G4�@\cfRD.�îdOC���DFP���sq}�B�D�C4DRG�fS\c�lDRPz�@\cCg\c��DF}�DRC4GI?
A �3db^lE�}�^lE"}�B�^lGqG��@\_fRDafRdOC�C�DFG��3dbE�P�GY}�d �@¤�DRP=¬b\c�le�DFG�dc�v}�B�D



7:9

Data

Atmosph.   µ

0

50

100

150

200

250

300

350

400

-150 -100 -50 0 50 100 150 200
Vertical position of center of gravity (zcog)       [m]

dN
/d

z 
   

   
   

   
   

   
   

   [1
/1

0m
]

  Data

Atmosph.   ν       MC

0

2.5

5

7.5

10

12.5

15

17.5

20

22.5

-150 -100 -50 0 50 100 150 200 250
Vertical position of center of gravity (zcog)       [m]

dN
/d

z 
   

   
   

   
   

   
   

   [1
/1

0m
]

) d q O� "s$� + ;(�c��Z�\��4/1��3���/1���4�{; R E(�4�2\�57�vD��n5 K �6��5A�19<�657;�/Y� R �������4�"3�;(/1t
K �6��9�3��657;(/LI-57� , K �&��3�57�(FJ3��4; K�K tv���(FA^ 3�F7���(/15A/�EÆ�2F7E�;(��57� , � K �(�1�1FA57�����;?� , �B��\��4/1� K O � / K 57��91F7�������¾�<�H3f^1E2�4;(91/<�¾�4�����25A/ K O u-;�����;H�:�
+-, �C�$�H���:��E2�4����I-57� , � , �Q/���9<�6��5A/�; K 57E(/��(F�� R �����X�(�1�1FA573����657;2/¾; R���1��57�657;(/��(F � 9<�2FA57�6DB3�9�� K O

��e@\c�l^l}0s��3\cC�\_��DR}4DRC�GSH�\cE-P�DR¬bDFE�}4GMfI\_E �3Dª\_G�G4^��OE�DRP"}�d��ld�fI\Sx
}�^ldOE�G2�@\cG4DRPZdOEM}�B-DR^lC�}�Cg\cfgmM�lDRE��O}�B�HSG��-B�DRC�^lfR^l}0s�Hb\cE-PZG4d��ÄdbC�}4B�?
£0}N^lG�P�^ #�fRe-��}N}4dafRdb� �@\cC4D�}4B�DqP�^lG�}�C4^l��e�}�^ldOE�GNdc��P@\_}�\z\cE�P

G�^l�ae���\_}�DRP*e���x�\cE�P P�dckNE-�bdb^lE��)�ae�dOE�G�P�^lC�DRfF}��ls��3DRfI\_e�G�D
dc�M}4B�D�B�^l�bB)P�^l� DRE�G�^ldOE@\c�l^l}0s�dc�M}4B�D�G��3\cfRDb? j=D¡}4B�DRC4Dg�îdbC4D
��C4dI�gDRfR}q}4B�DZG4�@\cfFDZP�dckNE¨}�d�\aG4^lE��b�lD�= )���e@\c�l^l}0s$M�=�P�^l��DRE$x
G�^ldOE���s�P�^l¬�^�P-^�E-�a^�}q^lE�}�d fRdbE�fFDRE�}�C�^lfaC4DRfR}�\_E��be-�´\_CqG�B�DR�l�lGIH\cG
^l�l��e-G�}�Cg\c}4DRP�^lE �^l�@?"7A9-?�uNB�Dz¬bDFC�}�DF¤�dc��DS\cfgB G4B�DR�l���l^lDRG�dOE \
�l^lE�Dv�îC�dO�:}4B�D�dOC�^l�b^lEa}�B-C�dbe-�bB�\qC4Dg�îDRC4DRE�fRDMG4DR}vdc��fRe�}4G�kNB-^�fgB
\cC4D��3DR�l^lDR¬bDFPa}�dq^lG�db��\_}�D�\,�W\_^�C4�ls��-e�C�DNG4DR}�dc�3E�DRe�}4C�^lE�dMDR¬ODRE�}�GS?
L2¬ODRE�}�G2^lE�}4B�D.�îe��l�bfRe-}�G��3\cfRDN\cC4D]\_G�G�^l�OE�DRPZ\_EMdc¬bDRCg\c�l�c��e@\c�l^l}0s
¬b\c�le�DOH��@\cG4DRP�dbE�}�B�DqG4B�DR�l��^lE�kNB�^lfgB�}�B-DRs���^lDb?
j;^l}�B�}�B-^�G��îdOC��ae���\_}�^ldbEakvDZfS\cE"fRdb� �@\cC4DM}�B�DzfgB@\cCg\cfR}4DRC0x

^lG�}4^�fFGMdc��}4B�D�P@\_}�\�}4d�G�^l�ae���\_}�DRP�E-DRe�}�C4^lE�d \cE-P=fRdbG4��^lfgx0C�\Ss
�ae�dOE¡DF¬bDRE�}�GS?M�^��Oe�C�D 7AIafFdb���3\cC�DFG�}�B-DZE�e��a�3DRCNdc�vDR¬bDRE�}4G
�@\_G�G�^lE��"¬b\cC4^ldbe�GM�lDR¬ODR�lGadc��fRe-}�G C,^W? Db?lH2}4B�D�^lE�}�DR�OC�\_�NE�e-�a�@DRC
dc��DR¬ODRE�}�GM\c�3dc¬bDz\a�b^l¬ODRE���e3\c�l^l}0s�?vAN}��ldck*��e@\c�l^l}�^lDRGSH���� D�H
}�B-D�P@\c}g\NG4DR}2^�GP�db� ^lE@\c}4DRP���s�� ^lG�C�DFfRdbE�G4}�C4e�fR}�DFPaP�dckNE��bdO^lE��

Track Length

Sm
oo

th
ne

ss

Reference Cuts

) d q O- »hn�Y@��T1/$57�657;2/ ; R ��\H��/1� � 9��(FA57�6DHOUZ�\���/1� K �(�4�k�1F7;������"� 5A/� t6��57����/ K 57;(/��(F`3�9�� K �<�H3������6I-;C�n57���4/ K 57;2/ K �2�4� K , ;2I-/ , �4�4� R ;(�
3�F7�(��57�vD1*�O?. FA5A/��:5 K �n�4�2I-/ R �4;�� � , ��;(��57E(5A/ �ª/�;B3�9�� K *Q� , �4;(9�E ,� K ��F7��3������ K ���X; R 3�9�� K #¹�2/<�=� , � K ����3���5 K ��57\�57�$���=5A/1��;Æ�4��3����2/$t
E(91F7�(� K , ��FAF K ; R � � 9��(F�I-57�1� , OYZ¹\H��/1� K �(�4��� K�K 57E2/<���=� � 9��(FA57�vD��
��3�3�;2�4�n5A/�E:��;C� , � K , ��FAF{5A/BI , 573 , � , ��DY�(�4� R ;29$/��WO

�ae-dbE�GSHbP@\_}�\z\cGvk�DF����\_G�}4B�DqG�^l�ae���\c}4DRPa�@\_f�m��OC�dbe-E�P�DR¤�fRDFDRP
}4B�D���C�DFP�^lfR}�DRP*E�DRe-}�C�^lE�d=G4^l�bE@\_�W? AN}aB�^l�bB-DRCa��e@\c�l^l}�^lDRGSH2}�B�D
�3\cG�G4^lE��qC�\c}4DRGvdc�iP@\c}g\�fF��dOG�DR�lsM}4C�\_f�mz}�B-DNG�^l�ae���\c}4DRPME�DRe-}�C�^lE�d
DF¬bDRE�}�GSH�\_E�P�}4B�D���C4DRP�^lfR}4DRP)�@\cfgm��bC4dbe�E�P fRdbE�}g\c��^lE@\_}�^ldbE¨^�G
¬ODRC�s �ldckM?

Data

Atmospheric ν MC

Downgoing µ MC

Event Quality

E
ve

nt
s 

Pa
ss

ing

10
-1

1

10

10 2

10 3

10 4

0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 25

) d q O1 �!$� >�9<������� K ; R ��\���/1� K �(�&;(\H�@��3��4�4���(5A/ � 9<�2FA57�6D�F7��\H��F�# R ;(�
�$;2I-/<EH;(5A/�EÆ��9�;(/=8B;2/1����]-�(��F7;$#��H����; K � , �4��573 /���9��6��5A/<;l8B;(/1���
]J�2��F7;$#��(/��B��b�������57���4/1���(F��1�����$O

j=D�fI\cE ^�E�¬ODRG�}4^���\c}4D¡}4B�D�\c�OC�DRDR� DRE�}Z�3DR}0kvDRDRE;P3\c}�\"\cE-P
�«dbE�}�DarN\cC4��da� dbC4DMG�s�G�}4DR�¡\_}�^lfI\_���ls ��s�fRdO���@\_C�^lE��a}4B�DZP-^��Éx
�ÄDRC�DRE�}4^´\_��E�e-�a�@DRCdc�@DF¬bDRE�}�G C,+.1 �+.-Y^�E-P�^l¬�^lP�e3\c�bG4B�DR�l�lGIHcCg\c}4B�DRC
}4B@\cE }�B�DY}�db}g\c�3E�e��a�@DFC�d_�©DR¬ODRE�}�G��3\cG�G4^lE��Z¬b\_C�^ldbe-G��lDR¬ODR�lGNdc�
fFe�}�GS?�uNB-^�Ga^lGaP�dOE�D�^lE �^l�@? 7:L�H.kNB�DRC�D¨}�B�D�Cg\c}4^�dOGadc�q}�B�D
E�e��a�3DRCMd_�]DF¬bDRE�}�GadO��G�DFC�¬bDFP�}�d"}�B-dbG�D ��C�DFP�^lfR}�DRP �îC4db� }�B�D
fFdb�a��^lE�DRP G�^l�bE3\c��\cE-P¡�3\cfgm��bC�dOe�E�P�G�^l�ae���\_}�^ldbE�Gv\cC�DqG4B�dckNE�?
��E�DYfI\cE�G4DRDz}�B@\_}�\c}N�ldck*��e@\c�l^l}0sa�lDR¬bDR�lG�}�B�DRC4DZ^lGq\cE�DR¤�fRDRG4G



7:I

Event Quality

D
at

a 
/ Σ

 M
C

0

1

2

3

4

5

6

0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 25

) d q O� »Nn�cP����657;@; R �1��������;�8B;(/1����]-�(��F7;X��3�; K �X573¹�4�2D��V9�;(/ K �$FA9 K�����C; K � , ����573�/<�49<�6��5A/�; K *�O � /1FA5A^�� ) 57E1O< �!1#�� , �J�1F7;���5 K ��5 � ���4��/1�657�2F
�

� , �0�4���657;C���-���<�2�4�6573�91F7�(� � 9��(FA57�vD:�1;�� K /<;H�¹5A/�3�FA9<�1����\H��/1� K �H�
, 57E , ����;2�0F7;2I-�4� � 9��(FA57�657� K O

^lEZ}4B�D�E�e��a�3DRC2dc��� ^lG�C�DFfRdbE�G4}�C4e�fR}�DFP�DR¬ODRE�}�Gvdb��G4DRC�¬ODRP�?2uNB�^lG
^lGq�¡\c^lE��ls P�e�Da}�d�C4DR�¡\_^�E-^�E-��fRC4dbG�G�xW}g\c�lmi?auNB�DRC4Da^lGZ\c�lG�d�\cE
DR¤�fRDRG4GIH2}4B�dbe��OB G4}�\_}�^lG�}4^�fS\c�l�ls¡�lDRG4GMG�^l�OE�^ �@fI\cE�}SHn\_}q¬bDRC4s B�^l�OB
��e@\c�l^l}0s"��DF¬bDR�lGIH.kNB�^lfgB�^lGZ�3DR�l^lDR¬bDFP }4d �3D�fI\ce-G�DRP;��s=G4��^l�OB�}
^lE@\cfFfRe�C�\_fR^lDRG�^lE�}�B-DMP�DRG4fRC�^l��}4^�dOE�dc��}�B�DYdb��}4^�fS\c�i�@\_C�\c� DR}�DFC�G
dc�2}�B�Dq^lfRDb?2¯�DR¬bDFC�}�B-DR�lDRG�GSH@dc¬ODRCN}�B-D��-e��lmadc��}�B-D�Cg\cE��ODq}�B�DRC4D
^lGNfR�ldbG4DZ\c�OC�DRDR� DRE�}N�@DF}0k�DRDFE�}�B�DYP@\c}g\a\cE�P�}�B-D�G4^l�ae���\c}�^ldOE�H
\c�3\cC�}��îC4db�7\cE"dc¬bDRCg\c�l��E-dbC���\c�l^l�I\c}4^ldbEa�0\cfR}4dbCqdc� ;-?59�4�?�uNB�D
\c�-G�db�le�}4D�\_�bC�DFDR��DRE�}�^lGvfRdbE-G�^lG�}4DRE�}NkN^�}4Ba}�B�DqG4s�G4}�DR��\c}4^�fNe-E�x
fRDRC4}�\_^�E�}4^�DFGI?�£0}.G�B�dOe��lP��3D�DR� ��B@\cG4^l�RDRP�}4B@\c}v}�B-D���e@\c�l^l}0sz�@\Sx
C�\_��DR}4DRC�^lG2\NfRdOE�¬Odb�le�}4^�dOE�d_�n\c�l�cG�^l¤q��e@\c�l^l}0s��3\cC�\_��DR}4DRC�GSHc\cE�P
G�da}4B�D
�n\c}N�l^lE�D�^�E��^��3?%7ALYP�DR� dbE�G4}�C�\_}�DRG�\_�bC4DRDR��DFE�}v^lE�}�B�D
fRdOC�C�DF�´\_}�^ldbE-GN�@DR}0kvDRDRE¨fRe�}��3\cC�\_��DR}4DRC�GS?

 � 7 	�A�=g�@��?@:
�� ,�B�����90	�����?@
 	g
�� ����@
�	���[��B�A�����������?@

£Ä��k�DNC4DRP�e�fFD�}4B�D�F3H5CK7AL�e���kN\cC4P�xWC4DRfRdOE�G�}4C�e�fR}4DRP�DR¬ODRE�}�Gv��s

C�DF��e-^�C4^lE��M\���e@\_�l^�}0sqd_�n\c}2�lDI\cG4}2L�dbEz}�B�DNG4fI\c�lDvdc���^��3?$7AI�H_k�D
db�-}�\c^lEa\qG�DF}�d_� �<;GFqE�DRe�}4C�^lE�dzfI\cE-P�^lP@\c}4DRGI?2uNB�DN�3\cfgm��bC�dOe�E�P
fRdOE�}g\c� ^�E3\c}�^ldOE�H�kNB�^lfgB"^�GYP�e�Da}�d�� ^�G4C�DRfFdbE�G4}�C�e-fR}�DRP P�dckNE�x
�bdO^lE��q�ae�dbE�GSHckN\cG�DRG4}�^l�¡\_}�DRPa^lEz}�B�C4DRDqk]\Ss�GS?�uNB�D �@C�G4}�kN\Ss
^lG�}�dzG�^l�ae���\_}�Dv}�B�D�P�dckNE��bdO^lE��q�ae�dbE��@e�¤iHO�@DI\_C�^lE��z^lEa��^lE�P
}�B3\c}qk�D�\_C�Dz�ld�dOm�^�E-�¡\c}M\ ¬bDFC�s"��dck }g\c^l� ¶ 7:;

�
oc¸�dc�N}�B�Dz}�d_x

}�\_�i�ae�dbEzP�^lG�}4C�^l��e�}4^ldbE�?2uNB�DqG4DRfRdbE-P¡kN\Ssa^lG�}4dZC4DRE�dOC��¡\_�l^��FD
}�B-D�G4^l�bE@\_�@G4^��ae-�´\_}�^ldbEY��sz}�B-D��0\cfR}4dbCvdc�H;�?59<4qdb��}g\c^lE�DRP§�îC�dO�
�^l�@? 7:L�\cE�P=G4e���}4C�\cfF}Z}4B�D���C4DRP�^lfR}4DRP�DR¬ODRE�}�GY�îC�dO� }�B�D db��x
G�DFC�¬bDFP=P@\c}g\�G4DR} ¶ \cfRfRDF��}�^lE���}4B�DaDR¤�fRDRG4Gª\_}qDR¤�}�C�DF��DR�ls�B�^l�OB
��e@\c�l^l}�^lDRGSHNB�dckvDR¬bDFCIH�\_G¡G4^l�bE@\_�´¸F? uNB�D"}�B�^lC4P;k]\Ss�HN\=fRC4dbG4G
fgB�DRfgm=dbE"}�B-D��@C4G�}M}0kvd���DF}�B�d�P�GSHi^lGM}�d�DF¤$\_��^lE�DM}4B�DaP@\_}�\
�ld�dbm�^lE��v�îdbC�W\_mbDRG2P�e-D�}4d�e-E�G�^l�ae���\c}4DRPqDg°iDRfR}�GvG�e-f�B�\_G2fRC�dOG�G0x

cosθ

  Data

Atmospheric ν MC

0

5

10

15

20

25

30

35

40

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

dN
/d

co
sθ

  

) d q O@ �$� +-, � ���/157� , �(/�E(F7�?��5 K �6��5A�19<�657;2/ ; R 9$�1I`�(�4�U�4��3�;2/$t
K �6��9<3����"�Æ��\H��/1� K O +-, � K 5 ���; R � , � , ����3 , ���B��;2b�� K 5A/��n573"����� K � , �
K �����65 K �6573��2F@�1�4��3�5 K 57;(/ ; R � , �Y������; K � , ����573:/���9<�6��5A/�; K 57��9$F7�H�657;(/cO
+J, ��8B;(/1���X]-�2��F7; �1�4����573��657;(/l5 K /�;(�4�C�(FA5 ����l��;�� , ���$�H���$O

}g\c�lmiH2^lE�P�DR�3DRE�P�DFE�}afFdb^lE�fR^lP�DRE�}zP�dckNE��Odb^lE����ae�dOE�GIH2\cE-P�G�d
�ÄdbC�}4B�?zA��l�2}�B�C4DRDa��DF}�B�d�P�Gqs�^lDR�lP DRG4}�^l�¡\_}�DRGqd_� 9:=%7A;"%�fFdbE�x
}g\c� ^�E3\c}�^ldOE�?
uNB�D��FDRE�^l}�B1\cE-�b�lD=P�^lG�}4C�^l��e�}4^�dOE*�îdbC¨}�B�D ��; F)DR¬bDRE�}4G=^�G

G4B�dckNE�^lE«�^l�be-C�D?7:4�H�\cE-P¡fFdb���3\cC�DFP¡}4da}�B@\_}N�îdOCN}�B�DYG�^l�ae�x
��\_}�^ldbEad_��\c}4��dOG���B�DFC�^lfqE�DRe�}4C�^lE�dbGS?2£0E�}�B�D
�@�Oe�C�Dq}�B-DZ��dbE�}4D
rN\_C��ld�DR¬bDFE�}4Gª\_C�DaE�dOC���\c�l^l�RDRP�}4d¡}4B�D�E�e��a�3DRCqdc�Ndb�-G�DRC4¬bDRP
DF¬bDRE�}�G.}�d��W\cfF^��l^l}�\_}�D�fFdb���3\cC�^lG4dbEqdc�i}�B�DvG�B3\c�3DRG�dc�i}�B-D�P�^lG4}�C�^Ux
�-e�}�^ldbE-GI?uNB�D�\_�bC�DFDR��DRE�}2^lE�\c��G4db�le�}4DNE�e-�a�@DRC2^lG�fRdOE�G�^lG4}�DRE�}
kN^l}4B }4B�D�G4s�G4}�DR��\c}4^�fae-E�fRDRC4}�\c^lE�}�^lDRGz^lE }4B�D�\c�-G�db�le�}4DaG�DRE-G�^Ux
}4^l¬�^l}0sZ\_E�P�}4B�D �3e�¤adc��B�^l�OBZDRE-DRC��Os¡\c}4��dOG���B�DFC�^lfNE�DRe�}4C�^lE�dOGI?
uNB-D�G�B3\c�3D�d_��}�B�DqP�^lG4}�C�^l��e-}�^ldbEad_�©P@\_}�\q^lGvG�}�\_}�^lG�}4^lfI\c�l�lsZfFdbE�x
G4^lG�}�DFE�}YkN^�}4B=}�B�Da�-C�DRP�^lfR}4^ldbE"�îC4db� \_}�� dbG��-B�DRC�^lfzE�DRe�}4C�^lE�dOGI?
�^l�be-C�D 7*F ¶ �@dO}�}�dO�¡¸�G�B-dckNGM}�B�D P�^lG�}4C�^l��e�}4^�dOE d_�]}4B�D f `��
	�3\cC�\_��DR}4DRCq�îdOCZ}4B�D �<;GF�DF¬bDRE�}�GS?"uNB�D��lDR¬ODR� L¨��e@\c�l^l}0s�fRe-}�G
B3\S¬bDzC�DR� dc¬bDRP"}�B�DaC4DR�¡\_^lE�P�DRCqdc�N}�B-Da^�E-G�}�C4e���DFE�}g\c�2DR¬ODRE�}�G
�lDg�Ä}]\®�î}�DRCN}4B�DM[N\SsbDRG4^�\cE�C4DRfRdOE�G�}4C�e�fR}4^ldbE"kN^�}4B�}4B�DM^l����C4dc¬bDRP
fFC�dbG4G0x0}�\_��m fR�lDI\cE-^�E-� \_���OdbC4^�}4B�� H��C4^�E-�b^lE��"}�B�D�P3\c}�\¨DR¬ODRE�}�G
^lE ��^lE�DqkN^l}�B�}4B�DM\c}�� dbG4��B�DRC4^�fqE�DFe�}�C4^�E-daDR¤��@DRfF}�\c}4^ldbE�GS?�uNB-D
D #�fR^lDRE�fR^lDRGMfFdbC�C4DRG��3dbE-P�^lE�� }4d�}�B�Da}4B�C�DRDaG4}�DR�-GZd_��}�B�DaP3\c}�\
\_E@\c�ls�G�^lG��?7I¸�DR¬bDRE�}4GaC�DRfRdOE�G�}4C�e�fF}�DRP;e-��kN\cC4P�H �b¸�DR¬bDRE�}4GaC�Dgx
fFdbE�G4}�C�e-fR}�DRP�e���kN\cC4PZkN^l}�BzfRC4dbG�G�xW}g\c�lmzfR�lDI\cE�^lE��3Hb\cE-P DO¸�kN^l}4B
\_P�P�^l}�^ldOE@\c���lDR¬ODR� L���e@\c�l^l}0s fFe�}�Ga\cC4D�G�e-���¡\_C�^l�RDRP"^lE=}�\_���lD
£0µz?
�^��Oe�C�D�7:C ¶ }�dO�@¸vG�B-dckNGN}�B�DqG�� d�db}�B-E�DRG�GNP-^�G4}�C4^��-e�}�^ldbE§�îdbC

DF¬bDRE�}�Gz}�B3\c}qB@\S¬bDa�3\cG�G4DRP�}4B�Da��e@\c�l^l}0s��lDR¬bDR� L fRe�}4GM�îdOCq}�B�D
�3¬bDqdb��G4DRC�¬b\_���lDRG�DF¤�fFDR��}�G4��d�db}4B�E�DRG4GI?.uNB�Dq¬bDRC4}�^lfI\c�P@\cG4B�DRP
�l^lE�DM\c}NG4��d�db}4B�E�DRG4G

�

; � �<CMG4B�dckNG�}4B�DM¬b\_��e-D�d_��}�B�DM�lDR¬ODR�HL
G4��d�db}4B�E�DRG4G�fFe�}I?.uNB�^lG�fRe-}NC�DR� dc¬bDRGv}�B�DY}�\c^l�3dc��W\cmOD�DR¬ODRE�}�G
�lDI\S¬�^lE�� \¨�bd�d�P�\c�OC�DRDF��DRE�}z�@DR}0kvDRDRE)C4DR�¡\_^�E-^�E-�¡P3\c}�\"\cE-P
�«dbE�}�D�rN\_C��ld@?��^��Oe�C�D 7:C ¶ �3db}4}�dO�¡¸NG4B�dckNGz}�B�DaGg\c��Da�-��dO}
�ÄdbCN}�B-DMP�^lC�DRfF}��lDRE-�b}�B¨¬b\cC�^�\_���lDb?�A���\c^lE�H�\§fR�lDI\cC�}�\_^��id_�2�W\cmOD
DF¬bDRE�}�G�^lGNC�DR� dc¬bDRP ��s C�DR��e�^lC4^�E-�ª\zP�^lC4DRfR}��lDRE-�b}�B�d_�©�bC4DI\c}4DRC
}4B@\cE L<;M� DR}�DRC4GI?



7:L

8B;(/1���X]-�(��F7; 8B;2/1���X]-�(��F7; @�H���
@;2I-/�E�;(5A/�E + .0���C; K � , ����573 *

Z�\���/1� K �6��57E�E��4�4��� �$g ��i� "' þ ��M�N �  �g '�h@i� "' ÿ
Z ��3�57��/�3�D<�-P���3";(/ K �6��9<3����"� 91�<EH;(5A/�E '1gAhHh0i� �' 5 ù '$g h�h@i� "' 5 ö
Z ��3�57��/�3�D<�-P���3";(/ K �6��9<3����"� 91�<EH;(5A/�E �v%ng7 
6 '1g '���*�i� "' 5 ü ��!$g %76 '1g 'H!�*{i� �' 5 Ü s$g N0i� �' 5 ü
��I��Q3��4; K�K t6���2FA^B3�F7�"�(/15A/<E)*
Z ��3�57��/�3�D<� ) 5A/��(F`]¹9�� K � ��� N�* �� �g M86?'$g !�*jiH �' 5 þ ��a$g7 "6 '1g 'Ha�*{i� �' 5 Ü  �g M@i� �' 5 ý
>@;1O�; R ��\H��/1� K ���09<�2FA57�6D � N  2N 6 h %�N2M96	a %('Hs

+ .@u"��Z d�rQ�cZ¹\H��/1�Q/�9��V���4� KQR ;(�C��b����4��57����/1���(F �$�H���B�(/��=8B;(/1���B]-�2��F7; K 57��9$F7�H�657;(/ KkR ;2� R ;(91��������;2� K ����EH� K 5A/L� , �:�2/<�2F7D K 5 K O +J, �
�����4;2� K � 9�;����"�B�(�4� K �����65 K �6573"�(F`;(/1F7D�O

���*��� �����%��, / - ����� ������, 	2��-���������,#�

A�G�\�E�dc¬bDF��^lE�G�}4C�e�� DRE�}IHcAq��A�¯q|NA;�3dbG4DRG�\�e�E�^l��e�DNfgB@\c�Ux
�lDRE��OD�dc��fS\c�l^l��C�\_}�^ldbE�?<uNB�DRC�DM\_C�D�E-dMm�E�dckNEaE@\c}4e�C�\_�@G4dbe�C4fRDRG
dc��B-^��OBaDRE�DRC4�bsaE�DFe�}�C4^�E-dbGIH�\_�@\cC4}2�îC4db�1\c}4��dbG4��B�DRC4^lfNE�DRe�}4C�^Ux
E�dOGIH�kNB�dOG�D�dO��G�DFC�¬b\c}4^ldbE�fFdbe��lP��3D�e-G�DRP�}�dz��DS\cG�e-C�DN}�B-D�P-Dgx
}�DFfR}�dOCA� GNC�DRG4�@dOE�G�DO? ��E-P�DRC�G4}�\_E�P�^lE��a}�B-D��3DRB@\S¬�^ldbCvdc��}�B-D�P-Dgx
}�DFfR}�dOC�^lG�}�B�e�G�\,P�^ #�fRe��l}�}g\cG�miHcP-DR�@DFE�P�DRE�}v�@\cC4}��lsqdbEM��\c�3dbCg\Sx
}�dOC�s ��DI\_G�e�C4DR��DRE�}4G�d_�©}�B-DM^lE�P�^l¬�^�P-e@\c��fFdb���3dbE-DRE�}�GIH-�@\cC4}��ls
dbE db��G4DRC�¬b\_}�^ldbE�G�d_�Y\_C�}4^ �3fR^�\c�q�l^��OB�}aG�dbe-C�fRDRG¨DR�a�@DFP�P�DRP*^lE
}�B-D�^lfRDOH�\cE�P �@\cC4}��lsadbE db��G4DRC�¬b\_}�^ldbE�GNd_��P�dckNE��Odb^lE��M�ae�dOE�GI?
L2¬ODRE kN^l}4B }4B�DRG�Da� DI\cG4e�C�DF��DRE�}�GSH3e�E�fRDRC4}�\_^�E�}4^�DFGM^lE ¬b\_C�^ldbe�G
��C4db�3DRC�}4^�DFGM}�B@\_}�G4s�G4}�DR��\c}4^�fS\c�l�ls¡\S°iDRfR}q}4B�DZC4DRG��3dbE-G�Dadc�v}�B�D
P�DR}4DRfR}4dbCv�@DRC4G�^lG�}SH�kNB�^lfgBZ��C4DR¬bDFE�}ve�G�\c}.}�B�^lG2}�^l��D��îC�dO�:�¡\_mOx
^lE�� \��-C�DRfR^lG4D���DS\cG�e-C�DR� DRE�}Mdc�N}�B�D�\c}4��dbG4��B�DRC4^lfaE�DRe�}4C�^lE�d
�@e�¤i?)uNB�D¨��C�^l�¡\_C�s"G�dOe�C�fRDFG¡d_��G4s�G4}�DR��\c}4^�f�e�E-fRDRC�}g\c^lE�}�^lDRGSH
\cE-P¡}4B�DR^lC�\_����C4dc¤�^l��\c}�D�Dg°iDRfR}�GqdOE¡}4B�DzE�e-�a�@DRCvdc��e��-�bdb^lE��
\c}4��dOG���B�DFC�^lfNE�DRe�}4C�^lE�dOGN^�Ea}4B�D �3E@\c�3P@\c}g\MGg\c� ���lDbHb\cGvP�DR}4DRC0x
��^lE�DFP���sa¬b\cC4^´\_}�^ldbEad_��}�B�DqG�^l�ae���\_}�^ldbE�GSHb\cC4Dq��^lG4}�DRP��3DR�ldckM?
A�GP�^lG�fRe�G4G�G4DRP�^lEZh�DFfR}�^ldbE-G ��\cE�P�D�HSAq��A�¯q|NA�^lG2DR�a�3DRP�x

P�DRP ^lEª\qE3\c}�e-C�\c�3��DFP�^le�� HFkNB�^lf�Ba^lG�}4B�D�C4DRG�e-��}vdc�i��^l�l�lDRE�E�^�\
dc��fR�l^l�¡\_}�dO��dO�b^UfI\c�RB-^�G4}�dOC�s�HI}4B@\c}iB3\cG��lDg�Ä}i^�}4G���\cC�mN^lEq}�B-D2�îdbC4�
dc����\SsODRC�Gvdc���@\_C�}4^�fFe���\c}�D��¡\_}�}�DFC�\S°iDRfR}4^�E-�a}�B�D�db��}4^�fS\c�3��C�dO��x
DRC4}�^lDRG�d_�©}4B�Dq^�fFDb?���e-C�}�B-DRC�� dbC�DOH�}�B�DqP�DR�-��dcs�� DRE�}�dc�2db��}4^�fS\c�
��d�P�e-��DFG�C�DF��e-^�C4DRGz}�B�Da� DR�l}�^lE���\cE-P C4Dg�îC�DFDR�R^lE��"dc��fRdO�le���E�G
dc�2}�B�Dq^lfRDb?.uNB�^lG�fFs�fF��DYC�DRG4e��l}�G�^lE }�B�D��îdOC��¡\_}�^ldbEzdc����e-�����lDRG
^lE�}�B�DM¬�^lfR^lE�^l}0s�d_��}�B�DM� d�P�e��lDRGIH�kNB-^�fgB�^lE�fRC4DI\cG4DZG4fI\c}4}�DRC4^�E-�
\cE-P«\®°nDFfR}q}�B�DMG4DRE�G4^�}4^l¬�^l}0s�dc��}4B�DMdb�-}�^lfI\c���d�P�e��lDRGv^lE�k]\Ss�G
}�B3\c}¡\_C�D�E-db}�sODR}a�Äe��l��s e�E�P�DFC�G�}4d�d�P?:uNB�D¨Dg°nDFfR}�G�d_�M}�B�^lG
�ld�fI\c�2B�dO��Dz^lfRD�\cC4DZP-^ #�fFe��l}�}4d�G�DR�@\_C�\_}�Dz�îC4db�ä}4B�Dz^�E�}4C�^lE�G�^lf
G�DFE�G�^l}�^l¬�^l}0sZd_�n}4B�D��q��GI?2uNB-DNe�E�fRDRC4}�\_^�E�}4^�DFG�^lEz}�B�D�E�DRe�}4C�^lE�d
C�\_}�Dq\cC�D�\_����C4dc¤�^l��\c}�DF��s�7:9"%*�ÄC�db�²}�B�D���e��lmz^�fFDN�´\SsODRC�� d�P$x
DR�l^lE��a^lE�}�B�Da��dbE�}4DZrN\cC4��d3H�\cE�P"\cG��ae-f�B�\cG�9�;"% �îC4db��}�B�D
fRdO�a��^lE�DRPzDg°nDFfR}�GNd_�n}4B�D���C4db�3DRC�}4^lDRG�d_�n}4B�D�C4Dg�îC4db�RDRE B�db�lDN^lfRD
fR�ldbG4DZ}4d�}�B�Da�q��GIH2\cE�P¨}�B�Da^lE�}�C4^�E-G�^lfZ�q�6G4DRE�G4^�}4^l¬�^l}0s�Hi\cE�P
\cE-�be���\cCvC�DFG��3dbE�G4Db?
�^��Oe�C�D��<;qG�B-dckNGN}0k�dM¬b\_C�^�\c�-��DFG�}�B@\_}]\_C�D�G�DRE�G4^l}�^l¬bD�}�dz}�B�D

\c�-G�db�le�}4D��q�7G�DFE�G�^l}�^l¬�^l}0s ��}4B�D�E�e��a�3DRC2dc�©�q��GvB�^l}�\cE�P }�B�D
¬bDF��d�fR^l}0s dc�©}4B�DM�l^lE�D
�@}I?vuNB�DqG4s�G4}�DR��\c}4^�fqDg°iDRfR}4GMdc�2¬b\cC4s�^lE��
�q� G�DFE�G�^l}�^l¬�^l}0s�dbE�}�B�DzB�^l}N�ae��l}�^l���l^lfR^l}0sY�îdbCNA�E@\c�ls�G�^lG�£�\_C�D
G�B-dckNE�dbE=}4B�D�}4db��?"uNB�D �@DS\cm=dc��}4B�D��ae-��}4^l���l^�fF^�}0s P�^lG�}4C�^Ux
��e�}4^ldbEa�ÄdbCN}�B-D�G4}�\_E�P@\cC4P���dbE�}�DMrN\_C��ld ¶ E�db� ^lE@\c��D #�fR^lDRE�fRs
7A;<;"%  P@\_G�B�DFP �l^lE�DI¸,��^lDRGq\c}q\zB�^l�bB�DRC�¬b\c�le�DM}4B@\cE«�îdbC�}�B�D

P3\c}�\-?©p,DRP�e�fF^�E-�Z}4B�D�G4^��ae-�´\_}�DRPa�q��G�DRE-G�^l}�^l¬�^l}0sa��s�9�;
%²C�Dgx
G4e��l}�GN^lE�\M�3DI\_m¡\c}N�ldckvDRCN¬b\c�le�DFG�}4B@\cE�}�B-D�P3\c}�\-?2uNB�Dqdb}4B�DRC
¬b\_C�^�\c�-��D�G4}�C�dOE��b�ls)\S°iDRfR}�DFP ��s }�B�D=�q� G�DFE�G�^l}�^l¬�^l}0s0=�}�B�D
¬ODR�ld�fR^l}0s�dc�N}�B�Da�l^lE�D��@}IH^lE�}�C�d�P�e-fRDRP�^lE=h�DRfR}4^ldbE=£0µ�Aq¸
=�^�G
}4B�DN\c���@\_C�DRE�}�¬ODR�ld�fR^l}0s�d_�n}4B�Dvdb��G4DRC�¬ODRPa�l^��OB�}i�îC4dbE�}2}�C�\S¬ODR�l^lE��
}4B�C�dOe��bB�}4B�Dq^�fFDbH�G4DRDZ�^l�@?K��; ¶ �3db}4}�dO�¡¸R?
A�G�\²E�DF¤�} G�}�DF��H"k�D*^lE�¬ODRG�}4^l��\c}4DRP�}�B�D Dg°iDRfR}*dc�"}�B�D

�
8�9:�"�"8:� �q� ��d�P�DR� ¶ �@C�G4}¡^lE�}�C4d�P�e�fRDRP*^lE�h�DRfF}�^ldbE DO¸adOE
}4B�D�\c}4��dOG���B�DFC�^lfME�DRe-}�C�^lE�d"��dbE�}�DarN\cC4�ld¡G4^l�ae���\c}�^ldOE�?�uNB-D
C4DRG�e-��}4GNdc��}4B�^lGNG�^l�ae���\c}4^�dOEM��\S¬OD�\M� dbC4DNfRdbE�G4^lG�}�DFE�}NP-DRG�fRC4^l��x
}4^ldbE"dc��}�B-DaDR¤��@DRC4^l��DRE�}q�îdOCMG�DF¬bDRCg\c�v¬b\cC�^�\_���lDRG
 Db? �3?�H<}�B�D
B-^�}��ae��l}�^l���l^lfR^l}0s ¶ }�B�DaP-db}�}4DRP"��^lE�DY^�E"��^l�3? ��;O¸  \cE-P�}�B�DFs
�-C�d�P�e�fRDFP;}�B�D"\c��G4db�le�}�D�E�DFe�}�C4^�E-d=DR¬bDRE�} ��C�DRP-^�fF}�^ldbE)fR�ldbG4DRC
}4dZkNB3\c}NkN\cG.�îdbe�E-P�^lE�A�E@\c�ls�G�^lGv£ ¶ �<D�I�?5CYDR¬bDFE�}4GN��C�DFP�^lfR}�DRPH
�<��DzdO��G�DRC4¬bDRP3¸R?qh�^l��^l��\cC�Dg°iDRfR}4GM\cC�DzG�DFDRE kNB-DRE�}�B-^�Gq��dbE�}4D
rN\_C��ld�^lGze�G�DRP)kN^l}�B A�E@\_�ls�G4^lGZ£4£RH2B�dck�DF¬bDRCz}�B�D�E�e��a�3DRCzdc�
�-C�DRP�^lfR}4DRP�DR¬bDFE�}4GN^lG2��9
%:G4�¡\_���lDRC2}4B@\cE db��G4DRC�¬ODRP�?2uNB�e�Gv}�B�D
�
8�9:�"�"8:� � d�P-DR�0H�kNB�^l�lDqDRE�fRdOe�C�\_�b^lE��@H3P�d�DRG�E�db}�fRdb� ���lDR}�DF��s
�-C�DRP�^lfR}q}4B�DZ�-C�db�3DRC4}�^lDRGMd_��dO��G�DFC�¬bDFP=DR¬bDRE�}4G�^lE��3db}4B \cE3\c�lsOx
G4DRGI?
A�E�dO}�B�DFCZe�E-fRDRC�}g\c^lE�}0s��l^lDRGq^�E"}�B-D���dbE�}�D�rN\_C��ld�C4dbe�}4^lE�DRG

e-G�DRP=}4d¡�-C�db�3\c��\_}�Dz�ae�dbE-GN}�B�C4dbe��OB }4B�Da^lfRDª\_E�P"C�d�fgm G4e�C0x
C4dbe�E-P�^lE��)}�B�D P�DR}�DFfR}�dOCI? A6fRdO���@\_C�^lG�dOE;dc�afRd�P�DRG"�@\_G�DRP
dOE �5C���\cE-P � 7�7 ��^lE�P�^lfI\_}�DRGq}4B@\c}qP�^U°iDRC�DRE�}q��C4db�@\_��\c}4dbC4G���\Ss
fgB@\_E��bDq}4B�DMDR¬ODRE�}NC�\c}4DRG���s G�db� D��<9"%�?
��}�B�DRC �W\_fR}�dOC�Ga^lE�fR�le�P-D¡}4B�D�G4^��ae-�´\_}�^ldbE"dc�M}4B�D�P@\c}g\=\cfgx

��e�^lG4^�}4^ldbE�DF��DFfR}�C4dbE�^lfRGM\cE-P¡�3dbG4G�^l���lDqDRC�C4dbC4G�^lE }�B�DM}4^l��D�fS\c�l^Ux
�-C�\c}4^ldbE�G�dc��^lE�P�^l¬�^lP�e@\_�i��d�P�e��lDRGS?NuNB�DRG4DaDg°nDFfR}�GMB3\S¬bDM�3DRDRE
G4}�e�P-^�DFP���saG�s�G�}4DR�¡\_}�^lfI\_���lsM¬b\_C�s�^lE��MC4DR�lDR¬b\cE�}v�@\cCg\c��DF}�DRC4G�^lE
}4B�DZ��dOE�}�DMrN\cC4��daG4^l�ae���\c}�^ldOE�GI?��-dbCNC4DI\c�l^lG�}4^lf��lDR¬ODR�lGNdc��¬b\cC4^Ux
\_}�^ldbEH�}�B�DRG4DMDg°iDRfR}4G�\_C�DqkvDR�l�i�@DR�ldck*}�B�D�7:;"% �lDR¬ODR�0?
�^��Oe�C�D6�K7�P�DR� dbE�G4}�Cg\c}�DFG�B�dck�}�B�D¨�RDRE�^l}�B*\cE��O��D�P�^lG4}�C�^Ux

�-e�}�^ldbE¨P�DR�3DRE�P�GzdbE"P�^U°nDFC�DRE�}Z\_}���dOG���B-DRC�^lfME�DFe�}�C4^�E-d¡DF¬bDRE�}
�ODRE�DRCg\c}4dbC�G ¶ dOe�CZG4}�\_E�P@\cC4P)�bDRE�DFC�\c}4dbC 8 � ��� � � 7:L
��\cE�P)\cE�x
dO}�B�DFC��ODRE�DRCg\c}4dbC 8 �	����� �5��C
�î¸RHi\cE-P \c�lG�d dbE"}�B�DzfgB�dbG4DRE=\cE�x
�Oe���\cCqG�DFE�G�^l}�^l¬�^l}0s�dc�N}�B-D�db�-}�^lfI\c�.��d�P�e��lDb?z¯�DFe�}�C4^�E-dJ�n\S¬bdOC
dOG�fR^l�l��\c}4^�dOE�Gz��DS\cP�}4d�\��Äe�C�}4B�DRC�C4DRP�e�fF}�^ldbE;d_��}4B�D �
8�9��"�
8:�
�-C�DRP�^lfR}4^ldbEa��s�9�? F�% ¶ ^lEa�@\cC4}�^lfRe���\_CIHcfR�ldOG�DN}�dY}�B�DN¬ODRC�}4^�fS\c�3P�^Ux
C4DRfR}4^�dOE@¸RH�\_G�G4e���^lE��qG�^lE { � \ ( 7�\cE�P�
��{�( � �59# A7:;

�
~�DRµ {

�5D<;
��?vuNB�Dz��C4DRP�^lfR}�^ldOE�^lGNC�DRP�e-fRDRP=��s@7�7�% ^���}4B�DZ��\_C��bDFG�}�\_�Ux
�ldckvDRP�
� {q^lG�e-G�DRP�?
uNB�DMfRdO�a��^lE�DRPaDg°iDRfR}�dc��\c�l�i}�B�DFG�DMG4s�G4}�DR��\c}4^�f�e�E�fRDFC�}�\_^lE�x

}4^lDRGa^lGaG�e$#�fR^lDRE�}4��s ��\cC��OD�}4B@\c}aG4^��ae-�´\_}�^ldbE-G�d_��\"�O^�¬ODRE \_}0x
� dbG4��B�DRC4^�fYE�DRe�}4C�^lE�d��3e�¤�fI\cE��-C�d�P�e�fRDa�-C�DRP�^lfR}4^ldbE�G��îdOCN}�B�D



7:4

Smoothness (|SPHit|)

  Data

Atmospheric ν MC

0

5

10

15

20

25

30

35

40

45

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

dN
/d

S PH
it   

   
←

Ldir [m]

  Data

Atmospheric ν MC

0

5

10

15

20

25

30

35

0 50 100 150 200 250 300 350 400

dN
/d

L
D

ir
   

   
   

   
   

   
  [

1/
10

m
]

←

) d q O� "M$�`�n�C;�;�� , /<� K�K �(/��:��5A�4��3���F7��/<EH� , \2�(��57�(�1F7� K I , ���4� � 9��(FAt57�6D=F7��\��4FCNÆ3�9�� K , �(\H� �&����/ �(�1�1FA57���§5A/ �(FAF��19��:� , �B�n5 K �1F7�2D����
\2�(��57�2�$F7�=� � �§ �349<� K # K ���Y�(F K ;G�n��3"�657;(/¾rBla$# ) 57E1O0 H 2*�O +-, �
\��4�4�6573��(Fc�1� K , ���kFA5A/�� K I-57� , � , �@�(���4;2IU5A/��n573"�����X� , ���4��E(57;2/B; R �H3�t3��������(/�3���5A/G� , ����5 K �1F7�(DH���=\2�(��57�(�1F7��OYdª/?���H3 , 3�� K ��#���3�F7�"�(�C���(5AF
; R�R �2^�����\H��/1� K 5 K �4���C;(\H���?�1D?�(�1�1FA573����657;2/ ; R � , �Y3�9���#jF7�"�(\�5A/�E
E�;�;��G��E(�4�"������/1��5A/ K , �(���������vI-����/ � , �Q�4�"���(5A/15A/<EG��\���/1� K �2/<�
� , ��8B;(/1���C]J�2��F7;���b����"3������657;2/�O

DR¬ODRE�}©Cg\c}4DN¬b\cC�s�^lE��N��sZ\]�W\cfR}4dbC2dc�3}0k�d3?�[vsMfRdOE�}4C�\_G�}IH_}�B�DNDRG�x
}�^l��\c}�DFP¡}4B�DRdOC�DR}4^�fS\c��e�E-fRDRC�}g\c^lE�}0s�^lE�}�B-Dª\_}���dOG���B-DRC�^lfME�DFe�x
}�C4^lE�d �3e�¤iH�\c}z}�B-D�DRE�DFC��b^lDRG ��C�dO�@DFP ��s=}4B�DRG�D�\_E@\c�ls�G�DRGSH�^lG
D�;
% �5D 7���?²uNB�D"Dg°iDRfR}�dc�ZE-DRe�}�C4^lE�d)dbG�fF^��l��\c}4^ldbE�GakN^l}�B }�B�D
h�e��3DRC�xWw ��C4Dg�îDRC4C�DRP��@\_C�\_��DR}4DRC�Gvk�dOe��lPZ�3D��lDRG4G�}4B@\cE 7:;"%²\c}
}�B-DRG�DMDFE�DRC��O^lDRGI?

���*���*� ��������+�,#�%� � -������, ��,2	�-�� � ��, 	'����,��
[�dO}�B A�E@\_��s�G4DRG�£v\cE�P £�£�\_C�D�\_���lDN}�dzG�DR�3\cC�\_}�Dq��dOC�DN}4B@\cE

��;<;=E�DFe�}�C4^�E-d;DR¬bDFE�}�fI\_E�P�^lP@\_}�DRG��ÄC�db� }4B�D 7AD<;�? 7�P3\Ss�G�d_�
A��«A�¯�|,ANx0[�7:; P�DR}�DFfR}�dOCZ�l^l¬bDR}4^l��Dq^lE 7AC<C�L�?Y[]\_G�DRP=dOE \c}�x

Experiment

(d
N

/d
N

   
)/

N
ch

to
ta

l

chNumber of hit OM (N   )
10 20 30 50 60

0.05

0.10

0.15

0.20

0.25

40

OM sensitivity 50%

OM sensitivity 100%

angsens OM model

MC:

[m/ns]

0.20 0.25 0.30 0.350.150.10

linefitVelocity from line fit  (v        )

[(
0.

02
 m

/n
s)

   
]

-1
lin

ef
it

(d
N

/d
v 

   
   

)/
N

to
ta

l

0.05

0.10

0.15

0.20

0.25

OM sensitivity 50%

OM sensitivity 100%

angsens OM model

MC:

Experiment

) d q O�%2'$�p05 K �6��5A�19��657;(/ K ; R �vI-;�\(�2��57�(�1F7� K � , ���@�2�4�Q� � ��3����"� �1D
� , ��_@8 K ��/ K 57�657\�57�6D�#`3�;��Q���(��5A/�EB��5 � ���4��/1� K 57E(/��(F�8B;2/1����]-�(��F7; K
��;Æ� , �:;2� K ���4\H���U�1�����1O + ;2���Y� , ��/�9<������� ; R _@8 K , 57�:� ����� * ���;�����;H�:�{� , �0�"\���/1��\���F7;�3457�6D R ;2�-� K 57�Q�1FA5AT<���:T��-�ªFA5A/��0T���#	��
 � � ����f*�O

� dbG4��B�DRC4^�fvE�DRe-}�C�^lE�dzG�^l�ae���\_}�^ldbE�GikvD �@E�Pa}4B@\c}v\c�3dbe�} F�%²dc�
}4B�Dz}�db}g\c�2E�e��a�3DRC�d_��DR¬bDFE�}4GM}�C4^l�b�bDFC�DRP"��s¡e-��kN\cC4P � dc¬�^�E-�
E-DRe�}�C4^lE�dbG��3\cG�G4DRP�}4B�D �3E@\c��G4DR�lDRfR}4^�dOE�?2A;}4db}�\_��P�D��3fR^l}�^lEz}�B�D
DF¬bDRE�}�Cg\c}4D�d_�-\_�@dOe�}HD<9"% kN^l}�BqC�DRG4�@DFfR}�}�d�}�B�D.G�}�\_E�P@\_C�PzE�DRe�x
}4C�^lE�d���dOE�}�DMrN\cC4��dz��C4DRP�^lfR}�^ldOE¡^lGv�îdOe�E�P �îdOC��3db}4B«\_E@\c�ls�G�DFGI?
A�E�DR¬ODRE�}�dc¬ODRC���\_��dc�27:;��qDF¤��3DRC4^�� DRE�}�\_�@DR¬ODRE�}�GN^lG�dO��G�DRC4¬bDRPH
fFdbE�G4^�G4}�DRE�}�kN^�}4B�\M��C4DRP�^lfR}4DRP dc¬ODRC���\_��dc��7<7AC�� 7:Dq�ÄC�db�%}�B�D
\_}�� dbG��-B�DRC�^lfqE�DRe-}�C�^lE�d��«dbE�}�DZrN\_C��ld@?2uNB�e�GSH�}4B�DMfRdO�a��^lE�DRP
Gg\c� ���lD�d_��P@\_}�\ ��C�dc¬�^lP�DRGM\_�@dOe�}�D<;�;aE-DRe�}�C4^lE�d�fI\cE�P-^�P3\c}�DFGI?
[vdb}4B�\cE@\_�ls�G4DRGqDRG�}4^l�¡\c}4DZ}4B�DR^lCMC4DRG�^lP�e@\_���@\_f�m��OC�dbe-E�P }4d��@D
\_�@dOe�}�7A;
% dc�2}�B�DqE�e��a�3DRCNdc�2E�DRe�}4C�^lE�daDR¬ODRE�}�fI\_E�P�^lP@\_}�DRGS?
�^��Oe�C�D6���=G4B�dckNG�}4B�D"DRE�DRC4�bs)P�^lG�}4C�^l��e�}4^�dOE;dc�M}4B�D G4^l�ax

e-�´\_}�DRP²E�DRe�}4C�^lE�dOG�\cE�P }4B�D)fRdbC4C�DRG4�@dOE�P�^lE�� �ae�dOE�DR¬ODRE�}�GS?
¯�^lE�DR}0s*�@DRC4fRDRE�}=dc��\c�l�Z�«dbE�}�D)rN\cC��ld)G�^l�OE@\c�MDF¬bDRE�}�G"B@\S¬OD



7:C

cosθ

ev
en

ts
nusim (standard)
nu2mu
nusim (angsens)
Experiment

0

10

20

30

40

50

60

70

80

-1 -0.75 -0.5 -0.25 0

) d q O�%� ���05 K �6��5A�19<�65µ;(/ ; R{K 57��91F7������� ���/157� , �(/�E(F7� K@R ;(����5 � ���4��/1�
/���9<�6��5A/�;�E��4/<���4�H��;(� K �(/��Q�2F K ; R ;(������;���5AT������(/�E(91F7�(� K ��/ K 57�657\�57�vD
; R � , �X_@8?O

Eν
Eµ (vertex)

Eµ (center)

log (E / GeV)

E
ve

nt
s:

 d
N

/d
lo

g(
E

/G
eV

) 
  [

1/
0.

05
]

0

2

4

6

8

10

12

14

16

18

1 1.5 2 2.5 3 3.5 4 4.5 5

) d q O)%�%��{Z{/<���4EHD���5 K �6��5A�$9��657;(/ K0R ;2� K 57�V91F7�����"�:�����C; K � , ����573@/���91t
�6��5A/�;k�"\���/1� K I , 573 , �<� K�K � , �VT1/<�2F{/<�49<�6��5A/�;:3�9�� K O +-, ��� � ��3"�@; R
/���9<�6��5A/�;?; K 3�5AFAF7���65µ;(/ K , � K /�;��Q���"��/¾���2^���/=5A/1��;?�H3�3�;(91/1��O +-, �
T�E(91�4� K , ;2I K � , �Q/���9��6��5A/<;l�(/��?��9<;2/?�4/<���4E257� K �H��� , �Q5A/1���4�4��3�t
�657;(/ \����4����bX�(/��X� , ����/����4E�D�; R � , �0��9�;(/ K ���{� , �J�&;(5A/1��; R 3�F7; K � K ��(�1�1�4;���3 , ��;�� , ���$�"����3���;(� 3���/1�����2O

�ae�dOE ¶ E�DRe�}4C�^lE�d�¸)DRE�DRC4�b^lDRG;�3DR}0kvDRDRE F 4 ¶ I�IO¸ `�DRµ \cE�P
7b?54 ¶ D�? F�¸�u©DFµZ?2uNB�D�P�db� ^�E3\cE�}2�@\cC4}�d_��}�B�DqG�^l�OE@\c�3DR¬bDFE�}4GN^lE
}�B-^�G�\_E@\c�ls�G�^lGvfRdb� DRGv�îC4db�1E�DFe�}�C4^�E-daDRE�DRC4�b^lDRG��3DR�ldck 7qu©DFµZ?
�^l�be�C4D ��D«G�B�dckNGa}4B�D�Dg°iDRfR}4^l¬bD \_C�DI\"\cGa\��Äe�E�fR}4^�dOE=dc�q}�B�D
�RDRE-^�}4B;\cE��O��Dz�ÄdbCz}0k�d"C�\_E��bDRGad_��}�B�D��ae�dOE=DRE�DRC4�bs)\c}z}�B�D
�3db^lE�}�dc��fR�ldOG�DRG4} ¶ ���qrN¸�\_����C�d�\cfgB�}4dM}�B-D�P�DR}4DRfR}4dbCI?.uNB�D�D���x
�îDRfF}�^l¬bD�\_C�DI\,�îdOC©�ae-dbE�GkN^�}4BZDFE�DRC��O^lDRG]\_}����qr��3DR}0kvDRDRE67A;�;
\cE-P 7A;<;�;2`qDRµ*^lG�D �5C  :7A;_Vi�¡{�\_}�}4C�^l�b�ODRCv��DF¬bDR��\_E�P �<4�;�;��¡{
\S�Ä}�DRCN\c���-��^lfI\_}�^ldbEYdc��}�B-D�E�DRe-}�C�^lE�dzG�DF��DFfR}�^ldbEafFe�}�GS?�£0}�G4B�dbe��lP
�3D�E�db}4DRP;}4B@\c}a�ae�fgB B�^l�bB�DRC Dg°iDRfR}�^l¬OD \cC4DI\cG�\cC�D¨�@dOG�G�^l���lD

muon energy at detector

10-100 GeV
100-1000 GeV

cosθ

[
ef

fe
ct

iv
e 

ar
ea

  
m

2 ]

0

2000

4000

6000

8000

10000

-1 -0.8 -0.6 -0.4 -0.2 0

) d q O·%(a$�XZ � ��3��657\H�:�2�4��� R ;(�X��9�;(/ K \H��� K 9 K ���/157� , �(/�E(F7��O +J, �
��/<�4�4E�D�; R � , ���V9�;(/ K 5 K E257\���/l�H�-� , �@�&;(5A/1�@; R 3�F7; K � K �0�2�$�1�4;��H3 ,
��;�� , ���1������3"��;(�2O

kNB-DRE�G4DI\cC4fgB�^lE��)�îdOC¡E-DRe�}�C4^lE�dbG �îC4db� \_G�}4C�db�-B�s�G4^�fS\c�M�3db^lE�}
G4dbe�C4fRDRG�� D<�
�©dOCv�îC�dO�1��\_���¡\,C�\Ss ��e�C�G4}�G�� D<D
��?
�^��Oe�C�DJ�GF�G4B�dckNGz}�B�D �@dO^�E�}MG4��C�DS\cP=�Äe�E�fR}4^�dOE�d_�]}4B�D�C�Dgx

fFdbE�G4}�C�e-fR}�DRP �ae�dOE;}�Cg\R�gDRfF}�dbC4s kN^l}�B C�DFG��3DRfR}=}�d }�B�D=}4C�e�D
�ae-dbE�P�^lC�DRfF}�^ldbE�?Y[]\_G�DRP=dOE �«dbE�}�DarN\cC4��d G�^l�ae���\c}4^ldbE�GSH�kvD
�3E�P \¨��DRP-^´\_E�\cE��Oe���\cCMC4DRG�dO�le�}�^ldbE dc�q�ae�dbE�G��îC�dO� \_}�� dcx
G4��B�DRC4^lf¡E-DRe�}�C4^lE�dbGad_�8D �5�
4z�îdOCZ}4B�D �@E@\c�vG�\_�����lDb?"A���dOC�D
P-DR}�\_^��lDRP G�}�e-P�s�d_�Z}�B-D \_E��be���\_C�C�DFG�db�le�}4^ldbE;fI\_E��3D¨�îdbe�E-P
^lE �5�<9�HHD<9�H�D�I ��?z�^��Oe�C�D���9§G�B�dckNGq}4B�DaG�m�s����ldb} ¶ DF��e3\c}�dOC�^�\c�
fFd�dOC�P�^lE@\_}�DRGg¸Md_��\c�l��}4B�D�fI\_E�P�^lP@\_}�DaE�DRe-}�C�^lE�d"DR¬ODRE�}�GY�îdbe�E-P
\_fRC�dOG�GM�3db}4B \_E@\c�ls�G�DFGI?MuNB-DaP�^lG�}�C4^l��e�}�^ldOE�dc�N}�B�DzDR¬ODRE�}�GMdOE
}4B�DqG�m�s����ldb}N^lGNfRdOE�G�^lG�}4DRE�}�kN^l}�B�\zC�\_E�P�db�%P�^lG�}�C4^l��e�}�^ldOE�?

����� �������	�H���%����� �

uNB�DaA��«A�¯�|,ANx0[�7:; P@\c}g\a�ÄC�db� 7AD<;�? 7qP@\Ss�Gqdc�N��^l¬ODR}�^l��D
P-e�C�^lE�� }�B�D�\_e�G�}4C�\c�qkN^lE�}�DRC¨dc� 7:C�C�L¥B@\S¬bD¨�@DRDFE:\cE@\_��s��RDFP
^lE=\cE"Dg°idbC�}Y}�d�P�DR}4DRfR}zB�^l�bB"DRE�DRC4�bs=\c}�� dbG4��B�DRC4^�fzE�DRe-}�C�^lE�d
DF¬bDRE�}�GSHi\cE�P�}�dafFdb���3\cC�Dq}4B�DR^lCN��C�dO�@DFC�}�^lDRGq}4daDR¤��@DRfF}�\c}4^ldbE�GS?
uNkvdzk�dOC�m�^lE��M�bC4dbe��-GN^�E }�B�DqfRdO�l�´\_�@dOC�\_}�^ldbE�HOe�G4^�E-�ZP�^U°iDRC�^lE��
C4DRfRdOE�G�}4C�e�fR}4^ldbE�HifFe�}�dO��}�^l��^l�I\_}�^ldbE�\_E�P�^lE�G�}4C�e�� DRE�}�\c�iDF¬bDRE�}
C4Dî�gDRfF}�^ldbE"}�DRfgB�E-^���e�DFGIH2��C4d�P-e�fRDRP=G4DR}�GMd_� ���<D�\_E�P �<;GF E�DRe�x
}4C�^lE�d fI\cE�P-^�P3\c}�DFGIH3C�DRG4�@DFfR}�^l¬bDF��s�?qh�DR¬bDFC�\c�2� DR}�B�d�P�G�dc���@\_f�mOx
�OC�dOe�E�P�DRG4}�^l�¡\_}�^ldbE ��e�}�}�B�DMC4DRG�^lP�e3\c�2DR¬bDFE�}qfRdOE�}�\c� ^lE@\c}4^�dOE
�ÄC�db�*P�dckNE��Odb^lE���\_}���dOG���B-DRC�^lf��ae�dOE�Gi\cE�PM^lE�G4}�C4e���DRE�}g\c��\_C0x
}4^U�W\cfR}4G¡\_}�\c�3dbe�}67A;"%�?*u�\cm�^lE��"^lE�}4d�\cfRfFdbe�E�}�G4s�G�}�DF�¡\c}4^lf
e-E�fRDRC4}�\c^lE�}�^lDRGSH�}4B�Dqdb��G4DRC�¬ODRP�DR¬bDRE�}NE�e��a�3DRC�Gv\cC�DqfRdOE�G�^lG4}�DRE�}
kN^l}4B=G�s�G�}4DR�¡\_}�^lfI\c�l�ls�¬b\_C�^lDRP�\c}4��dOG���B�DFC�^lfaE�DRe�}4C�^lE�d=��dbE�}4D
rN\_C��ld���C�DFP�^lfR}�^ldbE-GIHkNB�^lf�B�\_C�Dz�îC4db� 7A9�;E= F$;�;zDR¬ODRE�}�GI?�uNB-D
Cg\cE��ODMdc��}4B�DRG�Dz��C4DRP�^lfR}�^ldOE�G�^lG�P-db��^lE@\_}�DRP ��s�e�E�fFDRC�}g\c^lE�}�^lDRG
^lEq}�B-D�E�DFe�}�C4^�E-d �@e�¤iHS^lEq}�B�Dve�E�P�DFC�G�}g\cE�P-^�E-��dc����B-db}�dOEM��C4db��x
\_��\_}�^ldbE"}�B�C4dbe��OB=}�B�D ��e��lm"^�fFD¡\cE-P=}�B�D C�Dg�îC4db�RDFE B-db�lDa^lfRDbH



�<;

angular accuracy ∆Ψ (° )

P(
∆Ψ

)

0

0.025

0.05

0.075

0.1

0.125

0.15

0.175

0.2

0 2 4 6 8 10 12 14 16 18 20

) d q O)%(s1�{8B;(/1����]-�(��F7; K 57��91F7���657;(/l; R � , �0�2/<E29$F7�2�-�4� K ;2FA9<�657;2/ R ;2���9<;2/ K � , ���{��� K�K � , �-T$/��(F K �4F7��3��657;(/l34��57������57�$O +-, �����"�n57�2/B�����4;2�
5 K a1gA% � O

) d q OJ%�h��=>@��9��6��5A/<; K ^1D��1F7;��l; R 91�<EH;(5A/�E¾��\��4/1� K � K�K ���4/	I-57� ,
.@8B.�>@�.0tvu@ "'V5A/= "M�M)NV5A/B� � 9�����;2��57�(F�3�;�;2�4�n5A/������ K O�de/Y� , 5 K T<E2t
91�4��#�/���9<�6��5A/�;l��\���/1� K�R �4;H� ��;�� , �(/��(F7D K � K �(�4�C3�;����$5A/�����O +-, �����3�^1E(�4;(91/���; R /<;2/$t�/���9��6��5A/<;���\H��/1� K 5 K � K �657���H�����X��;J�&�jF7� K�K � , �(/
 �')okO

\_E�P=^lE��ae�dOE �-C�db�3\c��\_}�^ldbE=\cE-P�DRE�DFC��bs=�ldOG�GI?"uNB�D���dbE�}4D
rN\_C��ld�G�e��O�bDRG4}�GM}4B@\c}�C�;"%�d_�]}4B�DaG�DF��DFfR}�DRP)DR¬ODRE�}�GZ\_C�Da��C4dcx
P-e�fRDRP=��s�E�DFe�}�C4^�E-dbGq^lE }4B�DaDRE�DRC4�bs"C�\_E��bDzdc�

�

I�I2`qDRµ }�d
D � F©u2DRµz?:uNB-D dO��G�DRC4¬b\c}4^�dOE;dc�a\c}�� dbG4��B�DRC4^�f�E�DFe�}�C4^�E-dbG�^lE
�l^lE�D�kN^l}4B;DR¤��@DFfR}�\_}�^ldbE�G�DRG4}�\_���l^�G4B�DRG�Aq��A�¯q|NA,xW[�7A; \cG¡\
kvdbC4m�^�E-�¡E-DRe�}�C4^lE�d�}�DF��DFG�fRdO�@Db?¨j=D��3E@\c�l�ls�E�dO}�Da}�B3\c}M��\cE�s
d_��}�B�D���C�d�fRDFP�e�C�DFGN�îdOC�G4^��OE@\c�3G�DF�@\cCg\c}�^ldOEaG�^l�����l^U�îsqfRdOE�G�^lP�DRC�x
\_���ls�^lE���\cC4�bDRC�P�DR}4DRfR}�dOC�GS?M£0E��@\_C�}4^�fFe���\cCIH �@C4G�}qC�DFG�e��l}�G��îC4db�
Aq��A�¯q|NA,xW£4£ �5D<L
�]P�DF��dbE-G�}�Cg\c}4D�}�B3\c}M}4B�D�E�DFe�}�C4^�E-d G4^��OE@\c�
^lG�G�DR�@\_C�\_}�DRP=kN^l}�B¨�ae�fgB¡B-^��OB�DRC�D�#�fR^lDRE�fRs"\cE�P�kN^l}4B��îDRkvDRC
fFe�}�G�}�B@\_E��ÄdbCvA���A�¯�|NA,xW[�7A;-?

� ; �
-��0C.� 
 ����� 
�-�1./ uNB�^lG)C�DRG4DI\cC4fgB7k]\_G G4e����3dbC4}�DRP7��s
}4B�D��îdO�l��dckN^lE��=\c�ODRE�fR^lDRG��@�Z?Khi?.¯�\_}�^ldbE@\_��h�fF^�DFE�fRD=��dOe�E�P@\®x
}4^ldbE�Hq� #�fRD=dc���db��\cC��2C4db�bCg\c� G C��Z?Khi?,¯�\c}4^ldbE@\_��h$fR^lDRE�fRD
�-dbe-E�P@\c}4^ldbE�HN�2B�s�G�^lfRG�|�^l¬�^lG4^�dOE C ��E�^l¬bDRC4G�^l}0s;dc�Mj;^lG4fRdbE�G4^lE
A��le���E�^vpNDRG4DI\cC4f�B*��dOe�E�P@\_}�^ldbE C �z? h<?�|�DF�@\cC4}���DFE�}zdc�ML2E�x
DFC��bsCbh$k�DRP-^�G4BM¯�\_}�e�Cg\c��h�fR^lDRE�fRD�p,DRG�DS\cC�fgBarvdbe�E-fR^l� Cch�kvDRP�^lG4B
p,DRG�DS\cC�fgB rvdbe�E-fR^l� C�h�k�DFP�^lG�B��db��\_C�pNDRG4DI\cC4f�B*h�DRfRC4DR}�\_C�^�\c}.C
wqE�e�}�\cE�P)A��l^lfRD�j�\_�l��DFE��3DRC4����dOe�E�P@\_}�^ldbE�Hvh�kvDRP�DRE CM`�DRC0x
��\cEZ�«^�E-^�G4}�C4sq�îdbC�L2P-e�fI\c}4^ldbE�\cE-Pªp,DRG�DI\_C�fgB C$�z? h<?I¯q\c}4^�dOE@\c�
L�E�DRC��OsMpNDRG4DI\cC4f�Bah�fR^lDRE�}4^ �3f�rvdb� ��e�}�^lE��vrvDRE�}�DRC ¶ G4e����3dbC4}�DRP
��s)}�B-D � #�fRD"dc�ªL�E�DRC��OsÖp,DRG�DS\cC�fgB*dc�Z}4B�D6�Z?Khi?N|�DR�@\cC4}0x
� DRE�}�d_�§L2E-DRC��Os$¸&C���r.x0£0C�¬�^lE�D=A�L2¯qL2A�h h$e��@DFC�fRdO����e�}4DRC
�3\cfF^��l^l}0sC@|�DRe�}4G�fgB�D��-dbC4G�fgB�e�E��bG4�bDR� DR^lE�G�fgB@\®�î} ¶ |q��`M¸F?@|z?K��?
rvdckvDRE=\cfgm�E�dckN�lDRP��ODRGq}�B�DzG�e��-�@dOC�}Md_�]}4B�DZ¯qh��;rvAqp�L�L�p
�-C�db�OC�\_�:\cE�Parq?c�ZQDRC�DF��P�Dv�ldbG�y�DRC�dOG�\cfgm�E�dckN�lDRP��ODRG2G�e��-�@dOC�}
�ÄC�db�%}�B�DZL �3Fb}4B �îC�\_��DRkvdbC4madc��u2C�\c^lE�^lE��a\cE-P«�«db��^l�l^l}0sadc�
p,DRG�DS\cC�fgB�DFC�GI?

'  ) Z0O�.0/��n���� K ÁR½2»S¿�ú #). K �6�4;(�cO �{, D K O��
	W#� ��v%2'�'H'�*�O' % ) Z0O�.0/��n���� K ÁR½2»S¿�ú #)>@���691�4�������#<s�s1 ��v%('H'$ »*�O' a )�� O��Æ; K 3 , /<�HE�E�� R ;2�{� , �¹.�8B.@>�0.L]-;(FAF7�2��;(�4�H�657;(/&*�#$5A/ à2¼î¾Sæ
Ã4Á�Á4ïcÈ�ÇcõSÂq¾0ÏZ½UÅ�ÁzèbÙ����¨Æ�Ç�½�ÁR¼4Ç�»c½�Èl¾cÇ�»S¿2ñi¾SÂ�ê�È�ÃzÀ2»cÎ�ñi¾cÇgÏgÁR¼0æ
ÁFÇ�Ã4Á �vd � � . � #j�n�2F7� �c�(^)�B]¹57�6D�# � ��� , #� �M�MHM�*�#�r�;(F�O`%n#��$�cO
%('�'��1%2'�a$O

' s ) � O`u@O � ��573"��# � O��l; K 3 , /���EHE$#��(/��¾QOJ] , ��5A^�5A/c# q ��;2� , D K OP0� K OF���"����O����W#�%� 2%(MB�v%2'�'�')*�O' h )�� O<. , �4��/ K ÁF½�»S¿�ú #1. K �6�4;2��O �j, D K O����W#�a�s�h��v%('�')%�*�O' ! ) �&O�>QO1u-;�457��\ ÁR½�»S¿�ú #�dÄ>@P-t � �4���$��5A/1� � �)'�!Ha�'B�ª9$/1�19$�1FA5 K , �"��*�O' N ) QOc[@��3�^ ÁR½v»S¿�ú #�P�����;2�4� ) � � . !�'$ "M$# ) ;(� K 3 , 9$/�E K ��4/1�6��9<�
� �(��F K ��9 , ��# � �2��F K ��9 , ��# q ���4���2/1D �ª91/1�$91�$FA5 K , ���<*�O' � ) QOc[@��3�^�#W5A/ Ú�Èlê�Ê_¿�»c½�Èl¾cÇa»cÇ�ï�ÛNÇ�»S¿�ÎFÂ�ÈUÂ@�ªÁR½UÅ�¾RïSÂ�Ïg¾c¼Ní�»c¼�õ_ÁÒNÁRÊO½�¼�ÈlÇ�¾�óbÁ�¿�ÁgÂ�Ã4¾4å�ÁgÂ ���Z-�� Q# �&�49<� , ��/c# q ���4���2/1D�#@ "M�M���*�#

�1��O&%�% �!�1%2a�s1#�"$#�%'&�(*)�+-,$./�� �M�MHM!�)'$ �O
' M ) � O���; , ���2/$/c#�P�O � ;(�1��#��2/<�?P�O{r�; K�K # � �4���1��5A/1��]-Z�P0>0�

�)h1��'Ha$# q ��/���\2�$#&�nI-57� ��4��F7�(/�� �ª91/$�191�$FA5 K , �"�<*�O'  "' ) P�O � ;(�1�c#2� O ��; , ���2/$/c#	�2/<� P�O=r�; K�K # 8 � �Z¹03X�� �2�4�������6��5 "���657;(/ �2/<�=8B;2/1���B]-�(��F7;lE���/����4�H�657;(/ ; R ��/����4EHDF7; K�K ; R , 57E , ��/����4E�DX��9<;2/ K �� '�� �'�'H'�' q ��r * � R ;2��� K �6�4;2� , D K 5At
3�5 K � K 91�Y��;k "'�'�'H'�' q �"rQ#�r���� K 57;(/ %nO '�%�#W "M�M)hn#��$��57\2�H����3�;��Qt��9$/1573��H�657;(/cO

'  H ) � OF��5A�<�2��5{�2/<� + O��n���2/<�"\<# �j, D K O�P0�"\<O<4���c#<a�h2s�a:�� "M�M1 2*�O
'  »% ) � OUP , ;��$� �(/�� XO¾] , 5A��^�5A/�# 5A/ à2¼î¾FÃ�Á�Á4ïcÈlÇ®õ®Â ¾0Ï²½�Å�Á

è�Ø5�6��Æ�Ç�½�ÁR¼4Ç�»c½ÉÈ�¾cÇO»S¿�ñi¾SÂ�ê�È�ÃYÀ©»cÎ ñi¾cÇgÏ�ÁF¼îÁRÇ�Ã4Á �v]-;(���4��/$573�9 K
q � K �4FAF K 3 , � R ��#G[@�H�V�19$�4E1# q ���4���(/1DH#?%2'�'1 2*�#lr¹;2F�O�a$#:�1�cO "'$ 2N5�< "'�%('1O

'  "a ) u@O7� 57�4����FAt��n;�;H� , �2/<� � OD�¹OHu¹57���4���2/$/c# í�»cÇ�ïc¾S¿�½læÄº98¾c¼4ÇOÂ�½lÁRÈlÇ�:



� 7

ÒNÊbê�ÁR¼�ÈlÃ4»S¿bÐN»c½�»q»cÇ�ï Ý ÊbÇ�ÃR½ÉÈ�¾cÇ�»S¿cÀ2Ág¿�»c½�Èl¾cÇOÂWÅ�È å�Â�ÈlÇzÚ�ÃRÈlÁRÇ�Ã�Á
»cÇ�ï;óOÁ�Ã�Å�Ç�¾S¿�¾�õ_Î #�r¹;2F�O@r dka)] ; R ÒNÁRÑ*Ú�ÁR¼�ÈlÁgÂ �v���$��5A/�E��4��t
r¹����F7�HE$#�u-����FA5A/1t6[���57�1��F �&���4E$#- "M�M���*�#<3 , �(������� NnO !$#$�1�cO<a�N5��MH'$O

'  �s ) .QO � �2��F7��#�5A/ Ú�Èlê�Ê_¿�»c½�Èl¾cÇZ»cÇ�ï�Û,Ç�»S¿�ÎFÂ�ÈUÂ��aÁR½�Å�¾FïSÂnÏg¾c¼ví�»c¼�õ_ÁÒNÁRÊO½�¼�ÈlÇ�¾�óbÁ�¿�ÁgÂ�Ã4¾4å�ÁgÂ ���Z-�� Q# �&�49<� , ��/c# q ���4���2/1D�#@ "M�M���*�#
�$�cO� »N(s!�� �)hn#�" #�% & ( )/+-,$.��< �MHM�M���'$ HO

'  2h ) �&O�[091/<�1���4�����2��^�# �j, O XO<� , � K 5 K #�[09�����;(F7�1� � /157\���� K 57� ��H� �9
u-����FA5A/c#�u-�4��FA5A/�# q ���4�C�(/1D�#c �M�MHM$#��2\2�(5AF7�2�$F7����� � P7�
, ���6��� � �2�����2/<�1�$O ������^)��F7��D�O �"�n9	�(���2/$9 K 3���57�<� K ��O'  �! ) �&O�[�9$/��1���4�����(��^�#�5A/ Ú$Èlê�Êc¿�»c½�Èl¾cÇ�»cÇ�ï�ÛNÇ�»S¿�ÎFÂ�ÈUÂ{�aÁR½�Å�¾RïSÂ�Ï�¾c¼í�»c¼lõcÁaÒNÁRÊO½�¼�ÈlÇ�¾=óbÁg¿�Á�Â�Ã�¾4å�ÁgÂ ��@Z`�/ X# �<��9<� , ��/c# q ���4���2/1D�#
 �M�M���*�#<�1��O&%�N2!!�1% ��!1#�"$#�%'&�(*)�+-,$./�� �M�MHM!�)'$ �O

'  2N ) q O�]@O1[05AFAF�#�. K �6�4;2��O �j, D K O ��#<%� 2hk�� "M�M)N�*�O'  � ) q OH] O2[�5AFAF�# �{, O QO2� , � K 5 K # � /$57\H��� K 57�6DX; R .@�1��F7�(57�1��#�.��$�4F7�(57�1��#
.09 K �6�4�(FA57�$#� �MHM�!1O'  �M ) � O��W5A���(��5�#�. K �6�4;(�cO �{, D K O��$#c �M�h��� �M�MHa�*�O' %(' )�� O<. , �4��/ K ÁF½�»S¿�ú #1��;Q��� K 91���Q57�������l��;Q>�9<3�F�O de/ K �6�2O 8B��� , O' %n ) rQOc������/<EH���2#{ � 8B.@>� de/1������/��(F`P�����;(�4��[��] �< ��MH'?�ª9$/1t
�$91�$FA5 K , ����*�O' %�% ) ] O0�=57���19 K 3 , #�5A/ Ú�Èlê�Ê_¿�»c½�Èl¾cÇ�»cÇ�ï¡ÛNÇ�»S¿�ÎFÂ�ÈUÂ��ªÁF½�Å�¾RïSÂNÏ�¾c¼
í�»c¼lõcÁaÒNÁRÊO½�¼�ÈlÇ�¾=óbÁg¿�Á�Â�Ã�¾4å�ÁgÂ ��@Z`�/ X# �<��9<� , ��/c# q ���4���2/1D�#
 �M�M���*�#<�1��O�a�')%1��a1 �!1#�"$#�%'&�(*)�+-,$./�� �M�MHM!�)'$ �O

' %(a ) QO � �2/<�1��F�#c05A�1F7;����Y� , � K 5 K #�[09��V��;2F7�$�6t � /$57\H��� K 57�6D?u`����FA5A/�#
) ���cO� �MHM�!

' %(s ) q O�]@O<[�5AFAF�#<5A/ à©¼Ä¾RÃ�Á4Á�ïcÈlÇcõSÂ�¾0ÏN½�Å�ÁNè�Ø5�6�§Æ�Ç�½�ÁR¼�Ç�»c½�Èl¾cÇO»S¿@ñi¾SÂ�æê�ÈlÃvÀ©»cÎqñi¾cÇgÏ�ÁF¼îÁRÇ�Ã4Á �v]J;2������/1573�9 K q � K ��FAF K 3 , � R ��#<[@�H�V�191�4E$#
q ���4���(/1DH#c%('�'1 2*�#�r¹;2F�O<a$#��1��Oc 2%HN(M!�� 2% ��%nO

' %�h ) .QO u¹5A�4;(/c# �{, O XO	� , � K 5 K [�9<����;(F7�1� � /$57\H��� K �657� ���� �9
u-����FA5A/c# u-����FA5A/c# q ���4���2/1D�# %('H'�%n#p�2\2�(5AF7�2�$F7� �H� � P7�
, ���6��� � �2�����2/<�1�$O ������^)��F7��D�O �"�n9	�(���2/$9 K 3���57�<� K ��O' %(! ) + O P�O ��5 ¹;29$/�E$# �j, O XO � , � K 5 K # � /157\���� K 57�vD ; R
� 5 K 3�;2/ K 5A/c# 8B����5 K ;(/c# %2'�'$ H# �(\2�25AF7�(�1F7� ��� � P7�
, ���6��� � �2�����2/<�1�$O ������^)��F7��D�O �"�n9	�(���2/$9 K 3���57�<� K ��O' %�N ) 8?O q �29<E1#=05A�1F7;����p� , � K 5 K #=[09��V��;2F7�$� � /157\���� K 57� ��H� �9
u-����FA5A/c#�u-����FA5A/c# q ���4���2/1D�# %('�'1 �#0" #�%'&�( � � #�%���% �n%('�'1 '�)'�%�%�#
�(\2�25AF7�(�1F7�k�H� � P7�
, ���6��� � �2�����2/<�1�$O ������^)��F7��D�O �"�n9	�(���2/$9 K 3���57�<� K ��O' % � ) .QO u-;(9�3 , ����� R ;(��� , �-.@8B.�>@�.=3�;(FAF7�2��;(�4�H�657;�/�*�#15A/ à2¼î¾RÃ4Á�Á4ïSæÈlÇcõSÂM¾0Ïz½�Å�ÁzèbÙc½�Å�Æ�Ç�½�ÁF¼�Ç�»c½�Èl¾cÇb»S¿2ñi¾SÂ�ê�ÈlÃzÀ2»cÎ�ñi¾cÇgÏ�ÁF¼îÁRÇ�Ã4ÁgË
�n�2F7� ���2^��C]¹57�6DB �MHM�M$#�[@ZLa$O %nO7 � �O

' %(M ) Z0O ��(FA�����4E1# �j, O QO � , � K 5 K # ����;�3f^ , ;(F7� � /157\�����t

K 57�vD�# �n��;�3�^ , ;2F7�:# ��I-���1��/c#S �MHM�M1# �2\2�(5AF7�2�$F7� ��� � P7�
, ���6�c� � �(�H���(/��$�1O �&����^���F7�"D�O �"�n9 �2���(/�9 K 3���5 ��� K �nO' aH' ) � O � �H�����1�k� R ;(�`� , ����9$���4��t � �H�Q57;(^H�2/<�1�Q3";(FAF7�(�&;(�4���657;�/&*�#<5A/à©¼Ä¾RÃ�Á4Á�ïcÈlÇcõSÂN¾0ÏM½�Å�Áqè�Ø �6� Æ�Ç�½�ÁR¼4Ç�»c½ÉÈ�¾cÇ�»F¿�ñi¾SÂ�ê�È�ÃYÀ©»cÎ ñi¾cÇOæ
ÏgÁR¼îÁFÇ�Ã4Á �v]-;(���4��/$573�9 K q � K ��FAF K 3 , � R ��#Y[@�����19$�4E1# q ���4���(/1DH#%2'�'$ »*�#<r�;(F�O�a$#$�1�cO� �')h�N5�< �'H!�'1O

' a1 ) + O � O q �(5 K�K �4�2# ÌiÇ�Ã�ÁR¼4½�»cÈlÇ�½ÉÎ�ÈlÇ���ÊIðz¾0ÏNÛN½�ê�¾SÂ�å�Å�ÁR¼4È�Ã,Ò]ÁFÊcæ½�¼�ÈlÇ�¾SÂ :�Æ�ê2å�¿�ÈlÃ�»c½�Èl¾cÇOÂ�Ïg¾c¼qÌOå@Ñi»c¼Äï��ªÊO¾cÇOÂ�ÈlÇMÛNê�»cÇ�ïc»Nº�Õcé #
dª/1������/<�2F{P�����;2�4��%2'�'�'1 2%2'$ �#c%2'�'H'$O

' a)% ) � O�. , �4��/ K ÁR½2»S¿�ú # Ú�Á4»c¼îÃ�Å�Ïg¾c¼å�¾cÈlÇ�½�Âg¾cÊb¼ÄÃ�ÁgÂN¾0Ï�Å�ÈKõRÅ ÁRÇ�ÁR¼lõcÎÇ�ÁRÊb½�¼4ÈlÇ�¾SÂNÑiÈl½�Å�½�Å�Á�ÛV�MÛNÒvÐ©Û ïcÁR½ÉÁ�ÃR½�¾c¼ #1��;k�&� K 9$���Q57�������
��;�. K �6�4;(� , D K 573��(F � ;(91��/��(F' aHa ) P�O�[@�2�4�$�6^)���(/�� q O�u-�(�4;29<3 , � R ;2��� , ��.@8B.�>@�. ]-;(FAF7�2�$t
;2�4���657;(/&*�#�5A/ à2¼î¾FÃ�Á�Á4ïcÈlÇ®õ®Â�¾0Ïz½�Å�Á§è�Ø5���¨Æ�Ç�½�ÁR¼4Ç�»c½�Èl¾cÇ�»S¿�ñi¾SÂ4æ
ê�ÈlÃvÀ©»cÎqñi¾cÇgÏgÁR¼ÄÁRÇ�Ã�Á �v]-;(�&����/$57349 K q � K ��FAF K 3 , � R ��#�[@�����19$�4E1#
q ���4�C�(/1D�#&%('�'1 2*�#�r�;(F�O�a$#��$�cO� H 2%� '�< H 2%2s$O

' aHs ) � O�@� K 57�H�65��(/��4�§O�P , ;��1�¾� R ;(�l� , �?.�8B.@>@�. ]-;(FAF7�2�$t
;2�4���657;(/&*�#�5A/ à2¼î¾FÃ�Á�Á4ïcÈlÇ®õ®Â�¾0Ïz½�Å�Á§è�Ø ��� Æ�Ç�½�ÁR¼4Ç�»c½�Èl¾cÇ�»S¿�ñi¾SÂ4æ
ê�ÈlÃvÀ©»cÎqñi¾cÇgÏgÁR¼ÄÁRÇ�Ã�Á �v]-;(�&����/$57349 K q � K ��FAF K 3 , � R ��#�[@�����19$�4E1#
q ���4�C�(/1D�#&%('�'1 2*�#�r�;(F�O�a$#��$�cO<M���h5��M ���$O

' a)h ) ñi»S¿�È�ÞF¼î»c½�Èl¾cÇ=»cÇ�ï�Ú�Êb¼4ÍRÁRÎ�¾0ÏZÛV�MÛNÒvÐ©Û�ÑiÈl½�Å)½�Å�ÁaÚ�à�Û,Ú�Ô
ïcÁR½�Á4ÃR½�¾c¼0Â ��;?��� K 91���Q57������� ��;?>09�3�F7���2�Gde/ K �6��9<���4/1� K �(/��8B��� , ;�� K O' aH! ) q OJ�)�1573 ��2^	� R ;2��� , �B.�8B.@>�0. ]-;(FAF7�2��;(�4�H�657;(/c*�#@5A/ à©¼Ä¾Sæ
Ã�Á4Á�ïcÈlÇcõSÂ ¾0Ï=½�Å�Á è�Ø5�6�*Æ�Ç�½�ÁR¼4Ç�»c½ÉÈ�¾cÇ�»F¿Zñi¾SÂ�ê�ÈlÃ�À2»cÎ ñi¾cÇOæ
ÏgÁR¼îÁFÇ�Ã4Á �v]-;(���4��/$573�9 K q � K ��FAF K 3 , � R ��#Y[@�����19$�4E1# q ���4���(/1DH#
%2'�'$ »*�O<r�;(F�O�a$#$�1�cO<M�NHN1�)M ��'1O

' a)N ) P�O �=5 K 3 , /���I K ^�5B� R ;(�Y� , �B.@8B.�>@�. ]-;(FAF7�2��;(�4�H�657;(/c*�#�5A/
à©¼Ä¾RÃ�Á4Á�ïcÈlÇcõSÂN¾0ÏM½�Å�Áqè�Ø �6� Æ�Ç�½�ÁR¼4Ç�»c½ÉÈ�¾cÇ�»F¿�ñi¾SÂ�ê�È�ÃYÀ©»cÎ ñi¾cÇOæ
ÏgÁR¼îÁFÇ�Ã4Á �v]-;(���4��/$573�9 K q � K ��FAF K 3 , � R ��#Y[@�����19$�4E1# q ���4���(/1DH#
%2'�'$ »*�#<r�;(F�O�a$#$�1�cO� � "'�h5�< � "' �1O

' a�� ) �<O��§O u-�(�4I-573�^ � R ;2�?� , �=.@8B.�>@�. ]-;(FAF7�2��;(�4�H�657;(/c*�#�5A/
à©¼Ä¾RÃ�Á4Á�ïcÈlÇcõSÂN¾0ÏM½�Å�Áqè�Ø5�6� Æ�Ç�½�ÁR¼4Ç�»c½ÉÈ�¾cÇ�»F¿�ñi¾SÂ�ê�È�ÃYÀ©»cÎ ñi¾cÇOæ
ÏgÁR¼îÁFÇ�Ã4Á �v]-;(���4��/$573�9 K q � K ��FAF K 3 , � R ��#Y[@�����19$�4E1# q ���4���(/1DH#%2'�'$ »*�#<r�;(F�O�a$#$�1�cO� � "'�h5�< � "' �1O

' aHM ) �<O ) 91^�9��$� ÁR½»S¿�ú # �{, D K O<P���\<O���������O��	�W#1a�MHM�MB�v%('H'�')*�O' sH' ) � O2. , �4��/ K ÁF½�»S¿�ú # ínÈlê�Èl½lÂ2¾cÇq½�Å�Á�ê�ÊO¾cÇ
��ÊIð3Ïg¼î¾cê²ãMÆ��zà�»cÇOæ
Ç�È Å�ÈU¿�»c½�Èl¾cÇMÈlÇ ½�Å�Á�Ã4ÁRÇ�½�ÁR¼v¾0Ï�½�Å�Á,Ô©»c¼�½UÅaÑiÈl½�Å�½UÅ�Á]ÛV�MÛNÒvÐ©Û
Ç�ÁRÊb½�¼4ÈlÇ�¾qïcÁR½ÉÁ�ÃR½�¾c¼ # K 9$���Q57�������B��; �j, D K O�P���\<O�QO

http://amanda.berkeley.edu/manuscripts/
http://amanda.berkeley.edu/manuscripts/
http://amanda.berkeley.edu/manuscripts/
http://amanda.berkeley.edu/manuscripts/
http://amanda.berkeley.edu/manuscripts/

