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Reflektor

Polystyrolplatte

Photodioden

~ 30 cm

~ 5 cm CsI(Tl)

Reflektormaterial umgeben von
   Aluminium− und Mylarfolie

~ 6.5 cm

c�p(p&+./R1&$&D&SCÜN� ô(à)� ' #QG � ' �	" '�� � ��� , � 4 / � � $&"�� ���Y4[4 � � *)� ' 4�� ���	� � �Y4 * $&" � � �-�	$%�

-,+.D~-,/R-,¥8'E@ ` Bf�KS�D&-0'*+.�AOQP&-,@tLNOQP©� $&-0@�� $&�0¢q1(-,@��A+.OQP"� ` /Ù�KD&S�- _a` @A'E�A-0'*)0'Ë¢?p&+R�#1&+R-Æ;�D&-0@*S�+R-�1&-0@
�g@*-0B��A�A'E@*� P&/R$&D&S��%+�$&� D8'E-,DmD&+ROQP8'�B�-0P&@�� $(�*@*-0+.OQP8'�$&B D&-,$(-lFHGIFKJ&9M¼ä��� @A-ò),$d-0@*),-0$&S�-0Dy�8�t+.-
1©� p?-,+6+RD»1&-0D ,�@A+.� 'Q� /R/.-,D�-,@A),-,$(S 'E-�bI+.OQP8'*B�-0D&S�-t+R�A'ò%(@ ` % ` @A'*+ ` D&� /¯),$\1&-0@l+.B ,�� / ` @A+.BC-0'*-,@
1&-,% ` D&+R-,@A'*-,D~;�D&-,@AS�+.-�-0+.D&-0��L�OQP©� $&-0@*�,�
c�/.��LN-0D&� ` @A-,D _ �$&@#1©� ��)0$"BC-,�*�A-,D&1(-CLN),+RD^'*+./R/Ù�K'*+ ` D&�A/.+ROQP^'ò¥ ` BCB�-0D �A-vng-0+./.�#)0nY-,+�¼�P ` ' ` 1&+�9
` 1&-0DÆ%&@ ` ,�@*+.� 'Q� /R/8),$&@äc�D8nY-,D&1&$(D&S&¢81&+R-g� D�1&-,@Í1(-,@äâ�-,OQP(�*-,/�no+.@A¥�$(D&S��*) ` D&-j� p&S -0ng� D&1('*-,D
LN-,+�'E-ò1&-0@ ,�@*+.� 'Q� /R/.-g� D&S�-0p&@E� OQP8'W�A+.D&1y� ì<B���-,S�-0D&�E�K'*)l),$m1&-0D�P ��K$(�©St��-0@AnY-,D&1(-0'E-0D³LN-0¥�$(DN9
1 �� @*-0/.-0¥^'*@ ` D(-,D(� -,@A��+R-,/ _ �KOQP&-,@AD~+R�A'l1&-0@*-0D�;�+.D(�E�K'*)�+.D&D&-0@*P©�K/.p»1&-0�o1&$&@*OQP�1&+R-t�*$&%(@E� /R-,+R'*-,D&1(-
LN%&$&/R-�-,@*)0-,$&SK'E-,D~P ` P&-0D4}��KS�D&-0' _ -,/R1&-,�o%&@ ` p&/.-0B�/ ` �òB �` S�/R+.OQPy�
;W+RD�-0/.-,¥8'*@ ` B�� S�D&-v'E+R�*OQP&-0@�LNOQP©�K$&-,@Íp(@*-,+�'E-v'>�A+.OQPÆ¥ ` D^$&� _ �` @AB�+RS�+RB�,��K/ ` @A+.BC-0'E-0@�� $&�0� ��� p?-,+
+.�A'�1&+.-2c�$&�A1&-,P(D�$(D&S~+RD�/ ` D&S�+�'E$&1&+RD©� /R-,@o�o+.OQP8'E$&D(S\1&$&@*OQP¨1&+R-�B��K'E-0@*+.� /Ù� p(P �� D&S�+RS�-�L�'*@E� PN9
/.$&D&S �*/ ��KD&S�-�� � $&D(14+.D�'*@E� D&� ��-0@*�E�K/.-,@��o+.OQP8'*$&D&S\1&$&@AOQP¨1&-,D4-0pq-0D _ � /./R��B��K'E-0@*+.� /Ù� p(P �� D&S�+ 9
S�-,D«} ` /.+��-,@A-v9M�j� 1&+R$&�����|OQP&� @E� ¥8'*-,@*+R�*+R-,@A'»� ��@ î ã ���§ì<DÞ-0+.D&-0B+.1&-,� /.+R�*+.-0@A'*-,D ,�� / ` @A+.BC-0'*-,@
$&D&-,D(1&/.+ROQP&-,@Cc�$&�A1&-,P(D�$(D&S«n �$&@*1(-,D î�î8û 1&-,@f;WD(-,@*S +.-�-,+.D(-,��¼WP ` ' ` D(�f+.D�-,+RD&-,B áq��/R+.DN9
1&-,@�-0+.D&-0@2b �� D(S�-Æ� ` D�� ú L�'*@E� P(/.$&D&S �*/ ��KD&S�-,D¨$&D(1]-0+.D&-0B �j� 1&+.$(��� ` D�ã�} ` /R+��-,@A-v9<�#� 1(+.-,D
1&-,% ` D&+R-,@A'lnY-,@A1&-,D6�
�t+.-f� -,@AnY-,D(1&-0'*-,D£eg�Aìvh[¦l/wk�9-,�@*+R�A'E� /./R-fp?-,�*+�'E)0-,D�-,+.D(-�L�'E@*� P&/.$(D&S��*/ �� D&S�-�� ` DU��¢ ô8óÍO,B $(D&1
-,+.D(-,DÝ} ` /.+��-,@A-v9M�j� 1&+R$&�Æ� ` D¡ã(¢ ô�O,B��Íì<P&@*-~b �� D&S�-\�K� @A+.+.-0@A' �A-³D©� OQPÝ¼ ` �A+R'*+ ` D{+.B ,��K/ ` @A+�9
B�-v'E-,@f)0no+.�AOQP&-,DUã���O0B $&D(1£ã8ÜN¢�ó�O0B~¢Wng� �4� ú p&+R�"���N¢�ó«L�'*@E� P(/.$&D&S �*/ ��KD&S�-,DÝ-,D8'E�A%&@*+ROQP^',�
L ` BC+R'�1&-0% ` D&+.-0@*-,D�¼�P ` ' ` D&-,D�1&$&@AOQP�1©�K�Yc#$&�*/ �` �*-0D�-0+.D&-0�:-0/.-0¥^'*@ ` B�� S�D(-0'E+R�*OQP&-0D»L�OQP©� $&-0@*�
_ � �A'�+.P(@*-mS�-,�*� B�'*-f;�D&-0@*S�+R-�+RB ,�� / ` @A+.BC-0'*-,@,�6�t+.-CLN¥^+R),),-C-,+RD&-,� ,�@*+R�A'Q�K/./.�t�&D&1&-0'2�*+ROQPÞ+RD
c�p&p&+R/.1&$(D&SCÜN� ô(�
;W/R-,¥8'E@ ` D&-0D�¥ �` D&D(-,DÞ-0pq-0D _ � /R/.��-,/R-,¥8'E@ ` B�� S�D&-v'E+.�AOQP&-�LNOQP©� $(-,@�+.B ,�� / ` @*+RB�-v'E-0@t� $&�A/ �` �A-,Dy¢
ng-0D&D�1&+R-:;WD(-,@*S +.-W1&-,�ä�g@A-,BC�*�A'*@E� P(/.$&D&S �&+^$©� D8'E�>� $&�A@*-,+ROQP8'Ë¢ 1&-,D ` p?-,D�pq-0�*OQP&@A+.-,p?-,D(-,Dm¼�@ ` 9
),-,�A�f�K$&�*)0$&/ �` �A-,Dy� �¬jpq-0@C1(+.-\1&-0% ` D(+.-,@ 'E-�;�D&-,@AS�+.-³$&D(1�1&+R-³® ` @*Bx1(-,�C� $&�AS�-,/ �` �A'*-,D�-,/.-0¥�9
'E@ ` Bf� S D&-0'*+.�*OQP(-,D�LNOQP©�K$&-,@A�C¥ª� D(D�1&� �3,�� / ` @A+.BC-0'*-,@�),$&@d¦§-,+R/.OQP&-0D&+.1&-0D8'E+R�&¥K�ª'E+ ` D«pq-0+R'*@E�ª9
S�-,Dy�(® �$&@Y1©� �ò�W-,@AP �� /�'ED&+R�Y)vno+.�*OQP(-,D�S�-,BC-,�A�*-,D(-,@o;�D&-,@AS�+.-�$&D&1\ì<BC%&$&/.�Y1&-,�o;�/R-,¥8'E@ ` D&�òS�+R/R'
H���E ��ç �ä® �$&@��*OQP8ng-0@*-0@*-\¦§-,+./ROQP&-,D6¢I1&+.-mD^$&@�-,+.D(-�-0+.D&)0-,/.D(-Cì ` D&+.�*�K'E+ ` D&�*�A%&$&@�+.B ,��K/ ` @A+�9
B�-v'E-,@oP&+RD8'E-,@A/Ù� �A�*-0Dy¢©S�+./�'BH���E �£ç ¢©� ` 1©� �*�j-,+RD&-�¦ä@A-,D&D^$&D(Sf� ` D�;�/.-,¥8'*@ ` D&-0D~B �` S�/R+.OQP³+.� 'Ë�
!�� 1&@ ` D&-0D�¥ �` D&D&-,D{)0$&� ��K'*),/R+.OQP �$&p?-,@d1&+R-f� 'Q� @A¥ -\âÞ-0OQP&�*-0/Rno+R@*¥^$&D&S¨BC+R'21&-,D ,�-,@AD&-,D{1&-0@



��������� sv·j365y3q587#X � s��<s	�
���ª· Ü��

��������	��
������������� �	�	�����
� ���������� 
�!���"#
���$��������� B E	% ���
& !('�) ��
���$*+!(",�-���.� � �-� /$�0�21�!("3�4���

5 %�D / �61�!(" %�D E	%
7 �	
�98 ��!(":' 7 �

��;:�� 7 �.�����<",� ������	���>=
?�@BADCE� ���	��� B F 5GF � "9"�=BIH 5 *+��
�)J� ���K�I=

c�p&p(+./.1($&D&SCÜN� î à� E "�� �
� ' '��L!9� ���	' ���	� "�' � � $ ' �/�	'�� "#�	$ ��� � "�����'�L *������ ' '�� ���	$  � ' 4 �

,�@*+R�A'Q�K/./Ù�ª' ` BC-YnY-,+�'E-,@A-�!#� 1&@ ` D&-,DC-,@A),-0$&S�-,Df$&D&1C-,+.D(-,DfP&� 1&@ ` D&+.�AOQP&-,D»LNOQP©� $&-0@g�K$&�*/ �` �*-0Dy�
��� p?-,+o¥ª� D&D�-,p?-,D _ � /R/.�m1&+R-�S -,�E�KB�'E-~;�D&-,@AS�+.-�1&-,��%&@*+RB ��K@*-,D{¦§-,+R/.OQP&-0D&�»� D�1©� ��,�� / ` @A+�9
BC-0'E-0@Æ� p(S�-,S�-0pq-0D«ng-0@*1&-0Dy�Wá6$&@2¦ä@A-,D&D^$&D(S"� ` D{;�/.-0¥8'E@ ` D&-,D�$&D(1�S�-,/.� 1&-,D(-,D�!#� 1&@ ` D&-,D
@*-0+.OQP8'�1©� D&D H���E�� /./R-,+.D(-�D&+ROQP^'�BC-,P(@�� $&�,���t-0@tP©� 1(@ ` D&+R�*OQP&-�LNOQP&� $&-,@�¥ª� D&D]� p?-,@�$&D8'*-,@
¬#BC�A' �� D&1&-0DÞ1&$(@*OQP«�A-,+.D(-�S�@ �` ß�-0@*-mc�p&� ` @*%N'E+ ` D&�*/ �� D&S�-m$&D&1�1&+.-fLNOQP©�K$&-,@ _a` @*B � ` DÞ-0+.D&-0B
-,/R-,¥8'E@ ` B�� S�D&-v'E+.�AOQP&-,D�LNOQP©�K$&-,@j$&D8'E-0@*�*OQP(+.-,1(-,D�nY-,@A1&-,Dy�

���	����M � �  �ONQP � ���  � ���� ��SRTPQN � UN4� � � ��� � � � ���+N � �� � � �����WV ���
�����X � � �

��� �l�K/.�gì<1(-,D8'E+��©¥ª�K'E+ ` D&�*� ���A'E-0B _ �$&@o}³� ` D&-0D³$&D&1³D&-,$N'E@E�K/.-t!#� 1&@ ` D&-,D�� @Apq-0+R'*-,D&1&-t;W+R�*-0DN9
� ` OQP�1&+R-,D8'j1&-,@#�m�$(OQ¥ _ �$(P&@*$&D(Sf1&-0�j� ` D�1&-0@tL�%&$&/.-�-0@*),-0$&S '*-,D"B�� S�D&-v'E+R�*OQP&-0D�®>/R$&�*�A-,�j$&D&1
�A'*-,/R/R'l1&+R- �� $&ß�-0@*� 'E-2LNOQP©� /R-�1&-,�j�t-v'E-,¥8' ` @*�o1©� @0�©;�+.D&-�L�¥�+R),)0-�$(D&1~1(+.-�á6$&�*� B�BC-,D _ � �*�A$&D&S
1&-0@�no+ROQP^'*+.S�� 'E-0D]'*-,OQP&D&+R�*OQP&-0D�¼>�K@E� BC-0'*-,@t�©D&1(-0'2�*+.OQP]+.D¨c#p&p&+./R1&$&D&S~ÜN� î �I;�+RD�BC+R'�-0+.D&-0@
�*$(%&@E� /R-,+�'E-,D(1&-,DÞLN%&$&/R-m� $&��ñ#+ ` p('*+R'Q�KD"+.D&D(-,@*P&� /.p4-0+.D&-0@�c�/.$(B�+RD&+.$&BCB��K'E@A+�=³�K$&�*S�-0�A'E�K'*'*-v9
'E-0@l}��KS�D&-0'Y-,@A),-0$&S 'ò-0+.D&-�®©-,/.1(�A' ��K@*¥ -o� ` D"��ï�ó������t+.-#LN%&$(/.-jP©�K'Y-,+.D(-,D»�t$(@*OQP&BC-,�A�*-,@Y� ` D
��ï ö8�\è4¢�),$&�*� B�BC-,D]BC+R'�1&-0B �*+.-m$&BCS�-0pq-0D&1&-,DF,�@A� ` �A'Q�ª'E-,DÞ-,D8'E�A%&@*+ROQP^'21&+R-,��-0'<ng���(¢�Ü�ó
p&+R�g�(¢ ö�P&� 1&@ ` D&+.�AOQP&-,D³L^'E@E�KP&/.$&D(S��*/ �� D&S�-0Dy¢�nò�K�g),$�-,+RD&-,@:P ` P&-0D\ñ��KOQP^nY-,+R�Ang� P&@A�*OQP&-0+.D&/R+.OQPN9
¥ -0+R' _ �$&@o!#� 1&@ ` D&-,D�+.B±$&BCS�-,p?-,D(1&-,D~;�+.�*-0D�� ` OQP _ �$(P&@A',�©��� �ZY ` OQP�1(-,@#LN%&$&/R-�pq-0�A'*-,P8'#� $&�
BC-,P&@A-,@*-0D"b�� S�-0D~-0+.D&)0-,/RD&-,@j;�+.�A-,D©� p(� ` @Apq-0@#BC+R'lD&� OQP"� $(ß�-,D~P&+.D³),$(D&-,P&BC-,D(1&-,D4�t+ROQ¥ -0Dy�
�t+.-C-,+RD&),-0/.D&-0D«c�p(� ` @Apq-0@*/Ù�KS�-,D�P©� p?-,D«c#p&�A' �� D&1&-f� ` D �A-vng-0+./.��ã�ç�è ),$&-0+.D©�KD&1&-,@0¢ä+RDÞ1&+R-
P ` OQP ` P&BC+.S -�¼�/.�K'*'*-,D&¥ª� BCB�-0@*D�hi�j¼:eg�Qk�� /.��� ¥8'E+���-��t-0'*-,¥8' ` @A-,/R-,BC-,D8'E-C-,+RD&S�-,�A-0'*)0'Æ�A+.D&16�
}~+�'t1&+R-,�*-0@t�t-v'E-,¥8' ` @*¥ ` B�% ` D&-0D8'E-Æ+R�A't-0+.D&-2P ` P&-�ñ�� OQP8nY-,+R�*-	[C)0+.-,D()CD(+.-,1(-,@*-0D&-,@AS�-0'*+.�AOQP&-,@
}�� ` D&-,DfS�-0n �� P(@*/.-0+.� 'E-0'#h0\ î � û p?-,+ EO]^\¡�(ï ôU��F� �Kç,k���c�/R�Y!#� 1&@ ` D&-,D(1&-0'*-,¥8' ` @Wno+.@A1m1©� �
;�+.�A-,D�� ` OQP�p?-,+^1&-0@§�W-0@*BC-,�*�A$&D&S#1&-,@ä;�B�+R�*�*+ ` D&� no+.D&¥K-,/^/Ù� D(S�/.-0p&+.S�-0@yD&-0$('E@*� /.-0@ ,�� ` D&-,D���-0@ 9
nY-,D&1&-v'Ë�����KD&-,p?-,D�+R�A'2$&D8'E-,@Æ;W+RD^pq-0),+.-0P^$&D&S"� ` D�ì<D _a` @*B��K'*+ ` D&-0D«� $(��1&-0B ,�� / ` @*+RB�-v'E-,@
$&D&1�1&-0@o�t@*+ _ '*¥ª� B�BC-,@:-,+RD&-�� $&�A@*-0+.OQP&-0D&1&-2¼W+ ` DN9�,�� ` DN9<¦§@*-0D&D^$&D&Sd+RB²S�-0�E� B�'*-,D³¥^+.D&-0Bf� 9



Ü Ü z�¶���� �Msvu ��� � ¶��j365636587�X�V����©sv·	�w¸fs�
 �
'E+.�AOQP&-,D~�g-0@*-,+ROQP~1(-,@o),$�$&D8'E-0@*�*$(OQP&-,D&1(-,D�á6-,@ _ �� /./R-�-,@A@*-0+.OQP^p©� @0�



z�¶���� �Msvu�� ��� s	�*��
 ���[·�� �
��� ��
���s �	�Ísv·�
0¶ uwu�� 0�=2 : C �P C �P B = ÜKã

� ²� �I����� �

� ������� ���Þ��� � ������� � ��� � ���������� �
! "# $ %& %& ' "

�t+.-ÆLN-,/R-,¥8'E+ ` D"-0+.D&-0���*-,/�'E-0D&-,D]�t@*-0+.¥ �` @A%q-0@*),-0@ _ � /R/.�#� $&� �$(pq-0@�ô8ó �\}�+././R+ ` D(-,D~;W@A-,+RS�D&+.�A�*-0Dy¢
1&+R-:1($&@*OQP&�AOQP&D&+�'*'E/R+.OQPC�H�#LN%&$&@A-,D�S�-,/.� 1&-,D(-,@�¦ä-0+./ROQP&-,D�-,D8'EP&� /R'*-,Dy¢H� 'E-,/R/R'�-0+.D&-WS�@ ` ß�-W!#-0@E� $(� 9
_a` @A1&-,@A$&D&S\1©� @0�y�g-v� ` @�}�-0'EP ` 1&-0D¨),$&@�¬jD^'*-,@AS�@*$&D(1&@*-01&$&¥8'E+ ` D¨-,D8'<no+.OQ¥K-,/R'�nY-,@A1&-,D]¥ ` D&DN9
'E-0Dy¢>B�$&�*� 'E-»)0$&D��� OQP&� 'm-,+RD�â�-,S4S�- _ $&D&1&-0D«ng-0@*1&-0Dy¢Í1&+R-,�*-�-,D ` @*BC-»���K'*-,D&BC-,D&S -f+.DÞ� ¥�9
),-0%('Q�Kp&/.-0@�á6-0+R'o)0$~%&@ ` ),-0�*�A+.-,@A-,Dy�
ñ��KOQP&1&-,B�1(+.-ò� ` B��t-0'*-,¥8' ` @W�K$ _ S�-,D ` B�BC-,D(-,DC� ` P&1©�K'*-,Dm1&-,DC¦§@*+.S S�-,@�%©�K�*�*+R-,@ 'W$&D&1m� ` D
-,+RD&-,@m)0-,D8'E@*� /.-0D��o-,OQP(D&-,@ _ � @*B %&@ ` ),-0�*�A+.-,@ 'mn ` @A1&-,D��*+RD&1y¢>nY-,@A1&-,D�1&+.-\D^$&D&BC-,P(@C@A-,¥ ` DN9
�A'*@*$&+R-,@ 'E-,D{$&D(1�¥ª� /R+.p&@A+.-0@A'E-0D����K'*-,D�+.D�-0+.D&-0@ ` p �A-0¥8' ` @A+.-,D8'*+.-,@ 'E-0D����ª'E-,D^p©�KD&¥«� p(S�-,/R-,S ',�
c�$(�*S�-0P&-,D&1�� ` D{-0+.D&-0@d1&$&@*OQP(�*OQP&D&+�'*'*/.+.OQP(-,D�;W@A-,+RS�D&+.�AS�@H�` ß�-f� ` D�O,�(�ò�H� �7C4ù$(D&1�-0+.D&-0@
�j�K'E-d� ` DÞOË�N�:� ï ú åN�H�)(Æ�K$ _ S�-,D ` B�BC-,D(-,D�;W@A-,+RS�D&+.�A�*-0D�%&@ ` Y��KP&@,¢��*$(B�BC+.-0@A'��*+ROQP�1(+.-m),$
�*%?-,+ROQP&-,@AD&1&-g���K'E-0D&B�-0D&S�-W� $ _ � �� P&@A/.+ROQP�-0'<ng�2� ó ���#ùf� ���l1&+R-,�*-WS�@ ` ß�-:���K'*-,D&BC-,D&S -�D&+.OQP8'
�*OQP(D&-,/R/�),$&S�@A-,+ _ p©� @»�K$ _ ®¯-0�A'*%&/Ù�K'A'E-0DÛ� ` D&1(-,@*DU� $ _ @A-,/.�K'E+���/.� D&S��*� BC-,D£}��KS�D&-0'*p �� D&1(-,@*D
� ` @*S�-0P©� /R'*-,D�no+.@*16¢�+.�A'C-0+.D&-³c�D&� /R���*-�p©� �A+.-0@*-,D(1¡� $ _ 1&+.-0�*-0B ���ª'E-,D(�E�K'*)�D(+.OQP8'f+RD�-0+.D&-0@
� 1 �� +�$&�K'E-0D¨á6-,+�'E�*%&� D&D&-�1&$&@AOQP _ �$&P&@Ap©� @,�?c�$(��1&+R-,�*-0B ��@A$&D&1~nY-,@A1&-,D~�N+R-,/R-21&-0@#c#D©� /��N�A-,D
� $ _ �g� �*+R��-,+RD&-,�#� ` @ ��-,@*� @*p?-,+�'E-v'E-,D4$(D&14¥ ` BC%&@A+.BC+.-,@ 'E-0D����K'*-,D&�*�K'E)0-,��1&$(@*OQP&S�- _ �$&P&@ 'Ë¢61(-,@
D^$&@�D ` OQP]1&+R-Æ�t+.-0@*-0@A��-0¥8' ` @A-,D«$&D(1F, ` �K� @*+.� D&),B��K'*@*+.)0-,D41&-0@�D©� OQP&S�-vno+.-0�*-,D(-,D«¦§-,+R/.OQP&-0Dy¢
1&+R-ò@*-0/.-0�K� D8'*-,Dm�t-0'*-,¥8' ` @*+.D _a` @*B��K'E+ ` D&-0D�),$(@Í¦ä-0+./ROQP&-,D&+R1&-,D8'*+R�©)0+.-,@A$&D&S�$&D(1d-,+.D(+.S�-ò��@ �` ß�-,D6¢
1&+R-�1&+R-C;W@A-,+RS�D&+.� ' ` % ` / ` S�+.-2pq-0�*OQP&@A-,+Rpq-0Dy¢ä)0$&@��W-,@ _ �$(S�$&D&S~�A'E-0/./�'Ë���t+.-0�*-0@2���ª'E-,D(�E�K'*)Cno+R@*1
� /R�>}�+.O,@ ` 9M���ª'E-,D(�E�K'*):p?-,)0-,+ROQP&D&-0',� ;�+RD&-:nY-,+�'E-0@*-g}~-0'*P ` 1(-Y)0$&@>�Y-,�*OQP(/.-,$(D&+.S�$(D&S�-0+.D&-0@>�o-,+ 9
P&-l� ` D�c#D©� /R���A-,DC+.�A'W1(+.-ò�W-,@ ng-0D&1&$&D(S2� ` D�)0-,D8'E@*� /©� ` @A�*-,/R-,¥8'E+R-,@ 'E-,DC¦§-,+./R1©�K'*-,D&� ��K'E)0-,Dy¢81&+R-
D^$&@Í1&+R- _ �$&@>1&+.-0�*-òc#D©� /R���A-,Dd@*-0/.-v� �KD^'*-,Dm;�@*-0+.S�D(+.�*�A-g-0D^'*P©� /�'E-,D6����� _ �$&@ä1&+.-gP&+.-0@ä� ` @*S�-0�A'E-0/./ 9
'E-�LN-0/.-,¥8'*+ ` Dm¥ -0+.D&-0@W1&+.-0�*-,@:¦§-,+./R1©�K'*-,D&� ��K'E)0-o� -,@ _ �$&S�p©� @W+R�A'Ë¢�no$(@*1&-j1&+.-o���ª'E-,D8� -,@E�K@*p?-,+R'*$&D&S
1&$&@AOQP\-,+RD&-j� ` @*�*-0/.-0¥^'*+ ` D�� D&P&� D&1»1&-0@Y� ` S�-0D©� D&D8'E-0D\¦äcj��9M���ª'E-,D^p©�KD&¥¯¢�1(+.-j/.-,1(+.S�/R+.OQPm-,+RD&-
á6$&�*� B�BC-,D _ � �*�A$&D&S�� $&�AS�-0n ��KP&/R'*-,@W;�@*-0+.S�D&+R�*-0+.S�-0D&�*OQP©� _ 'E-,Dd-0D8'EP �� /�'Ë¢Kpq-0�*OQP&/R-,$&D&+RS 'Ë�8á6$Æ1&+.-�9
�*-0BáqnY-,OQ¥�no$&@A1&-d1&+R-d�j-0¥ ` D(�A'E@A$&¥8'E+ ` D&�*� ` _ '<ng� @*-C$&B�-0+.D]} ` 1&$&/ä-,@ ng-0+R'E-0@A',¢I1©� �t1&+R-,�A-,@
���K'*-,D^p©� D&¥�1&+R- _ �$&@j-,+RD&-��AOQP&D&-0/./.-�� ` @A�*-,/R-,¥8'E+ ` D�D ` '<ng-0D&1&+RS�-,D4ì<D _a` @*B��K'E+ ` D&-,D�P&+RD&),$ _ �$(S '
h[c#p&�*OQP(D&+R'A'tã(��ÜN��� kv�



Üªö z�¶���� �Msvu � ��� s	�*��
 ���[·�� �
��� ��
���s �	�Ísv·�
0¶ uwu�� 0�=2 : C �P C �P B =

�t+.-��o-,¥ ` D&�A'*@*$&¥8'E+ ` D�1(-,�#á6-,@ _ � /./R� 0�=2 : C �P C �P B =¨no$&@A1&-�B�+�'o!#+R/ _ -�1&-0��� B�b�-0P&@*� 'E$&P(/
_ �$&@W;>=(%?-,@A+.BC-,D8'Q�K/.%&P8���*+R¥dìä1&-0@g�o$&P&@:¬jD&+R� -,@*�A+R' ��K':� ` OQP�$(B�-,D8'<no+.OQ¥K-,/R'*-,D\�j! <£c�D©�K/R���*-�9
®¯@*� BC-0n ` @*¥^��� ,�$����K��@*-,� /.+R�*+.-0@A',¢l1©� ��¥ ` D&�A- +^$&-,D8']+.B !j+.D^p&/R+.OQ¥Û� $ _ �W-,@E�K@*p?-,+R'*$&D&S��AS�-v9
�*OQP8no+.D&1(+.S�¥K-,+R'�$&D&1�-0+.D _ � OQP(-\�g-,1(+.-,D^$&D(S ` %('*+.BC+.-,@ '�no$&@*1&-K�Í��� ���#! <#9M®©@E� BC-0n ` @A¥4pq-�9
�*OQP&@ �� D&¥8'd�*+ROQP«P&+R-,@*p?-,+:� $ _ 1&-,D{}�+.O,@ ` 9#$&D&1«¦§cj��9M���K'*-,D&�*�K'E)K�>¬jBð1(+.-CP ` P&-C�W-,@E�K@*p?-,+�9
'E$&D&S �*S�-0�*OQP8no+.D&1(+.S�¥K-,+R'W$(D&1d1&+.-g-,+.D _ � OQP&-l¼ ` @A'E� p&+./R+R' ��K'§1&-,@W���K'*-,Dd)0$dS�-0n �� P(@*/.-0+.� 'E-,D6¢Kno$&@M9
1&-2)0$�1&-0@*-0D¨LN%?-,+.OQP(-,@*$(D&S»D&+ROQP^'#1&+R- ` p �A-,¥8' ` @*+.-0D8'E+.-0@A'*-����K'*-,D^p©� D(¥»��-,@ ng-0D&1&-v'Ë¢y� ` D&1&-0@*D
1©� ��� ` B � <9<�¦g9<®©@E� BC-0n ` @*¥�),$&@��W-,@ _ �$&S�$&D(S~S�-0�A'*-,/./�'E-m���K'*-,D _a` @*B��K'�S�-vn �� P&/R'���� ` ��Üª���
�t+.-,�A-,@§c�D&�*�K'E)Y1&-,@>���K'E-0D&�*%?-,+ROQP&-,@A$&D&S�no$(@*1&-ò+RD&)0no+R�*OQP&-0Dd� $&OQP _ �$&@>1©�K�Í365636587:9�c�D©� /����*-v9
_ @E� BC-0n ` @*¥ �$&p?-,@*D ` B�BC-,D³$&D(1~no+.@A1\� ` D�1&-,@j365636587:9�, ` /./.� p ` @E�K'*+ ` Dmng-0+R'*-,@*-0D8'<no+.OQ¥ -0/R',�
�t-,@�®¯$(D&¥8'E+ ` D&�*$&B _ � D&S]1&-0�»�j! <#9<c#D©� /R���A-v9M®©@*� B�-vn ` @*¥^�m@*-,+ROQP8' _ �$&@C-,+RD _ � OQP&-~¬#D8'E-0@*�A$N9
OQP�$(D&S�-,D~� $&�0�©;�+.D&-�LNOQP&D&+�'*'E� 'E-0/./.-�),$&@o�ò� �ò� @ 9�c�D©�K/R���*-�9 L ` _ '<ng� @A-�-,@*B �` S�/R+.OQP8'ò-0�o� $&OQP³1&-�9
@*-,DÝ¥ ` BC%&/.-�=N-~c#/.S ` @A+R'*P&B�-0Dy¢Í)K�����:),$(@f¥^+.D&-0Bf�ª'E+.�AOQP&-,D�c�D&%&� �*�A$&D&S«� ` D¡¥ ` BC%&/R+.),+R-,@ 'E-,D
á6-,@ _ �K/./.�Ap �� $&BC-,D6¢ ` 1&-,@d1(+.-³�ò���g� @ 9��*%?-,),+��©�*OQP(-,DÝ$(D&1{¥K�K/.+.p(@E�K'*+ ` D&�*� p&P ��KD&S�+.S -,D«®©$&D(¥^'*+ ` 9
D&-,D�),$&@o¦§-,+R/.OQP&-0D&+.1&-0D8'E+R�&),+.-0@*$&D(SC)0$~D^$('*),-0Dy�
ñ�� OQP41&-0@t�o-,¥ ` D&�A'*@*$&¥8'*+ ` D41&-0@ 0 =2 : C �P C �P B = á6-,@ _ �� /./R-�$(D&14-,+RD&-,@#-,@*� 'E-0D"� ` @*�A-,/.-0¥8'E+�9
` Dy¢Nno$(@*1&-0D~1&+R-�@A-,/.-v�K� D8'E-,D³ì<D _a` @*B��K'E+ ` D&-,Df1&-,@lS�- _ $&D&1&-0D&-,D 03209 á6-0@ _ � /R/.�A¥K�KD&1&+.1&�K'E-0Df),$(@
ng-0+R'E-0@*-0Dy¢ä+RD8'E-,@*� ¥8'E+���-,DÞ�g-Ë�K@*p?-,+R'*$&D&S~+.D�® ` @*B -,+RD&-,�2� <9<t¦g9�'*@*-,-0�\��� ` �8Ü �Y)0$&�E�KB�BC-,DN9
S�- _ � �A�A',��á6$&@3<t%('*+.BC+.-0@*$&D&S�1&-0@CLN-,/R-,¥8'E+ ` D&¥^@*+�'E-,@A+.-0D�no$&@A1&-\-,+RD&-»-0� ` /.$N'E+ ` D �� @*-»L�'E@*�K'E-0S�+.-
��-,@ ng-0D&1&-v'Ë�

��¾H¿ ÀðÄ�ÉÍÃ��

�t+.-�+RB��j� P&BC-,D41(+.-,�A-,@�c#@*p?-,+R'�� ` @AS�-,� 'E-,/R/R'*-dc�D©� /����*-dp©� �A+.-0@A'�� $ _ }~-0�*�A1©�K'E-0Dy¢I1&+R-d)0no+�9
�*OQP&-0D <t¥8' ` pq-0@�� î�î î $&D&1 Y��KD�$&� @³Ü ����Ü]BC+R'�!#+R/ _ -�1&-,�\3q5y36587W9M�t-0'*-,¥8' ` @*�»�K$ _ S�-,D ` Bm9
B�-0D{n ` @A1&-,D��*+RD&1y�W�t+.-0�*-0@d���K'E-0D&�E�ª'E)³-,D8'E�A%&@*+ROQP8'f-0+.D&-0@d+.D8'E-0S�@*+R-,@A'*-,D{bI$&BC+.D ` �*+R' ��K'�� ` D
ú ÜNï ô�ã��qøËJ©ëÆ$&D&1�$&B _ �K�*�A'�� ` n ` P&/#���K'E-0Dy¢W1&+.-³p?-,+o-,+RD&-,@fLNOQP8nY-,@*%($&D&¥8'E�A-,D&-0@*S�+R-4S�-,BC-,�M9
�*-,D�no$&@*1(-,Dy¢?1&+.-�1&-0@t}~� �*�A-�1&-0@#õ2h[ö8êªk�9M�o-,� ` D©� D&)�hM�H�(ï�ó ô �2F� � çvéQkl-0D8'E�*%(@*+.OQP8',¢y� /R�o� $&OQP
���K'E-0Dy¢q1(+.-�pq-0+>-,+RD&-,@#$&D8'E-0@*P©� /Rp"1&-0@t�o-,� ` D©� D&)Æ/R+.-0S�-,D&1(-,D¨LNOQP8nY-,@A%&$&D&¥8'E�A-,D&-0@*S�+R-f�K$ _ S�-v9
D ` BCB�-0D»no$&@*1&-0D�hw�W-,@*P �� /R'*D&+.�oô(¢ ô ö&à�� k��
á6$&@:�t$&@*OQP _ �$(P&@*$&D(S�-,+RD&-,@Y;4[C),+.-0D&),¥ ` @*@A-,¥8'E$(@gp?-,+¯1&-,@:+.D ,�� %&+�'E-,/©ö�p?-,�*OQP(@*+.-0pq-0D&-,D»¼>� @ 'E+�9
� /RnY-,/R/.-,D&� D©� /��N�A-:no$(@*1&-0DC-v'<nò��ö8� �(��� ����} ` D8'*-oeò� @*/ ` 9 L�+.BÆ$&/.�K'E+ ` D&�A-,@*-0+.S�D(+.�*�A-�1&-,�:á6-0@ _ � /R/.�
0 =2 : C �P C �P B = S�-,D&-0@*+R-,@A',�Ë��� )0$�no$&@*1&-0D��K$&�I�*+RBÆ$&/.+R-,@ 'E-,Dtç çE9M®©@E�KS�B�-0D8'Q�K'*+ ` D&�A@*-,� ¥8'E+ ` D&-,D
�A-,D&-�;�@A-,+.S D&+.�A�*-«�K$&�*S�-v�©/R'*-,@ 'Ë¢j1&+.-]B�+RD&1&-0�A'E-0D&�"-0+.D 032v9M}~-,� ` D B�+�'�-,+.D(-,B ì<B�%($&/.�~+.B
LNOQP8ng-0@*%&$&D(¥^'*�A���A'*-,B�� ` D�B�-0P&@�� /.��� ï ó:��-[��� çÍ-0D8'EP©� /�'E-0Dy� ���ò+.D�ç çQ9<®¯@*� S�BC-,D8'Q�ª'E+ ` D&�*-0@*-,+RSK9
D&+.�A�*-,D 03209 }�-,� ` D&-,D ` _ 'EB�� /R�Y%©� � @AnY-,+R�*-�� $ _ '*@*-0'*-,Dy¢Nno$&@*1&- �A-vng-0+./.�gD�$(@j1&� �l% ` �*+R'*+R�Cp&)vn��
D&-,S8�ª'E+R�CS�-0/Ù� 1(-,D&- 0 209M}~-,� ` D»+RD»1&-,D³;�D&1(),$&� 'Q� D&1 C �P C �P B = S�-0p&@E� OQP8',�&�t+.-0�Y� -,@*P(+.D&1&-0@A',¢
1©� �*�ä1&-,@§),$2$&D8'E-0@*�*$(OQP&-,D&1(-�á6-0@ _ � /R/*0 =2 : C �P C �P B = BC-,P(@ _ � OQP2+.D�-,+.D(-,B �*+RBÆ$&/R+.-,@ 'E-0D2;�@M9
-,+.S D&+.�g� ` @*¥ ` BCB�'Ë¢&ng� �j+.D\1&-0@#ñ#�K'E$(@#�K$ _ S�@*$(D&1~1(-,�o¥^/.-,+RD&-,D³�W-,@A)0nY-,+RS�$&D&S�� ��-0@*P �� /�'ED&+R�*�A-,�
�� $&ß�-0@*�A'f�*-0/R'E-0D£� $ _ '*@*+R'A'Ë�W�t+R-"LN+RBÆ$&/.�K'E+ ` D{1&-,�³á6-0@ _ � /R/.�m1&-0@�03209 }~-0� ` D(-,DÛ+.D�1&-,D£;�D&1�9
),$&� 'Q� D&1 C �P C �P B = S�-0�*OQP©�KP ` P&D&-"1&+R-"® ` @ABf�K'*+ ` D�+.D8'*-,@*BC-,1(+ �� @A-,@��j-0� ` D©�KD&),-0Dy¢ò� ` 1©� �A�



� ������� �ª·7�Hsvu.s	�
��� ��
 Ü ó
1&+R-��*+RBÆ$&/R+.-,@ 'E-0D"á6-0@ _ �� /R/.-�+.D~1&-,B°),$&@j�W-,@ _ �$&S�$&D&Sf�A'E-0P&-,D(1&-,D]¼�P©� �A-,D&@*� $&B ¤©� OQP���-0@A'*-,+./�'
�*+RD&1y�>�t+.-f-0@*)0-,$&S '*-,D C �P 9M}~-,� ` D&-,D�no$&@A1&-,D�� $(�*�*OQP(/.+.-0ß�/.+ROQP«+.DÞ1&-,D{;�D&1&)0$&�A'E� D&1�)0nY-,+R-,@
S�-0/Ù� 1&-0D&-,@�¼�+ ` D&-,D]S�-0p&@E� OQP8',���t$&@*OQP]1&+.-Æ;Í=�'*@E� ¥8'E+ ` D¨1&-,@ 032v9M}~-,� ` D&-,DÞ� $&���A+.BÆ$&/R+.-0@A'E-0D
ç çQ9<;W@A-,+RS�D&+.�A�*-0D]no+R@*1¨�*+ROQP&-,@AS�-,� 'E-,/R/R',¢I1©� �*��1&+R-dì<B�%&$(/.� 9j$(D&1]â£+RD&¥ -0/R� -,@A'*-,+R/.$&D&S -,D]1&-,@��*+ 9
BÆ$&/R+.-0@A'E-0DF032v9M}~-,� ` D&-0D«1&-,D(-,D«1&-0@Æ}�-,�*�A1©�K'*-,D�-,D8'*�*%&@A-,OQP&-0Dy�Íc�$(OQPÞ+.D]1&-0D{}~-,�A�*1©�ª'E-,D
�*+RD&1»�K$&�*�AOQP&/.+R-,ß�/R+.OQPfá6-,@ _ ��K/./.-Y� ` D�0 209M}~-,� ` D&-0D\� $&�:1&-,@Yç çQ9<®¯@*� S�BC-,D8'Q�ª'E+ ` Dd-,D8'EP©�K/R'E-0Dy¢^1©�
03209M;�@*-0+.S�D(+.�*�A-Æ� $(��� D&1&-0@*-0D¨¼W@ ` 1($&¥8'E+ ` D&�*BC-,OQP©�KD&+.�AB�-0D"1&$&@AOQP]1(+.-2� -,@ ng-0D&1&-0'*-,D«LN-,/R-,¥�9
'E+ ` D&�A¥�@A+R'*-,@*+R-,D³$&D8'E-0@*1&@ �$&OQ¥8't�A+.D&1y�

�³¾�½ � :�ÊWÅ>Ã��,Ã�ÔfÉ�Á : �

� �	����
 ��������
	�������

;�+.D&-{�AOQP&D&-,/R/.-�� ` @A�*-,/R-,¥8'E+ ` D � ` D|ç çQ9<;W@A-,+RS�D&+.�A�*-0Dy¢t1&+R-�B�+�'4P ` P&-0@"â«�KP&@*�AOQP&-,+RD&/.+ROQP&¥ -0+R'
1&-0DUá6-,@ _ �K/./l-,+RD&-,��0 � 9E¢D0�=?9 ` 1&-0@f-,+RD&-,��032v9 }~-0� ` D(�»+.D�1&@*-0+#%&�A-,$&1 ` �*¥ª� /.� @*-"}~-,� ` D&-,D
h B = ¢ B �Ë¢ C = ¢ C �P ¢��&kEë�-,D8'EP&� /R'*-,Dy¢�no$(@*1&-{1&$&@AOQP×c�p _ @*� S�-«1&-0�¨��ã�¼:L^9<¦§cj����� LNO��(�0�
D ` OQP � ` @�1&-,B ),-0+R'Q�K$ _ ng-0D&1&+RS�-,D ;�+RD&/.-0�*-,DÚ1&-,@4;�@A-,+.S D&+.�A1©�K'E-0D @*-,� /.+R�*+R-,@A',�o�t-,@���ã�¼:L^9
¦§cj�ÑB�� @*¥^+R-,@A'#1&+R- �A-,D(+.S�-0D";�@*-0+.S�D&+R�*�A- ¢?+.D�1(-,D&-0D4�*+.OQP41($&@*OQP7, ` B�p&+.D©�ª'E+ ` D~1&@A-,+R-,@ ,��KDN9
1&+R1©�K'E-0D&éH¢�� ` DÝ1&-,D&-0D��A-,1(-,@»�K/.�C-,+.D(-,�C1&-,@ ` pq-0DÝS�-0D©� D&D8'*-,DÛ%&�A-,$&1 ` �*¥ª� /Ù�K@*-,DÛ}~-,� ` D&-,D
+.1(-,D8'E+��©),+R-,@A'~n ` @*1&-0D +.�A',¢#-0+.DíB�+�'�-0+.D&-0B 0 M��)R 9 }~-0� ` D ¥ ` BC%©�K'E+Rp&/.-0@ ,��KD&1&+.1&�K'"p&+R/.1&-0D
/ ��K�*�A',�Í�t+R-f@*-0�*$&/�'E+R-,@*-0D&1&-0D 0 M��)R.9-,�� D(1&+.1©�ª'E-,DÞB �$&�A�*-0D�-0+.D&-\}�� �*�A-\+.D&D(-,@*P&� /.p«1(-,�dì<D8'E-0@ 9
�K� /./R��� ï ����-[��� ç é � è ��Ü�ï�ãÞ��-[��� ç é $&D&1�-0+.D&-0D�ì<B�%&$(/.��+RBðLNOQP8ng-0@*%&$(D&¥8'E�A�^'*-,B � ` D
BC-,P&@�� /R�Æ��ï�ó¨��-[���Kç�� $ _ nY-,+.�A-,D&æ �I�t+R-Æì<D _a` @ABf�ª'E+ ` D �$&p?-,@�b�� 1&$&D(S�$(D&1�á6-,@ _ �K/./Í�K/./.-0@�S�-�9
_ $&D&1(-,D&-0D 0 M��)RÙ9-,�� D&1(+.1©�K'*-,D]no+.@*1��*OQP&/R+.-0ß�/.+ROQPÞ+.D�-,+RD&-,BÂ�g+R' _ -,/R1�¥ ` 1&+R-,@ '³h[�A+.-0P&-»¦ä� pq-0/./R-
ã(��� kv�q;�@*-0+.S�D&+R�*�A- ¢?1&+.-�-,+RD&-,D70 =2 : C �P C �P B = á6-0@ _ � /R/I-,D8'EP&� /R'*-,D"¥ �` D&D8'*-,Dy¢?ng-0@*1&-0D41©� D&D
1&$&@AOQP¡-,+RD&-,DÛLNOQP&D&+�'*'f� $ _ 1(+.-~��ã�¼:L^9 }��K@*¥^+.-0@*$&D&S]�*-0/.-0¥^'*+.-0@A'Ë�Y�t-,@d� -,@AnY-,D(1&-0'*-]LNOQP&D&+�'*'
-,D8'*�*%&@A+.OQP8'f1(-,@C�g-,1(+.D&S�$(D&S&¢Í1©�K�*�m+.D�1&-0B ;�@*-0+.S�D&+R�Æ-,+RD��#9-,�� D&1&+R1©�K'�S�- _ $&D(1&-,D{no$&@*1(- ¢
1&-0�*�*-0D4;�D&1&)0$&�A'E� D&1

] )vng-0+§S -,/Ù�K1&-,D&-�$&D(1~-0+.D&-0D~D&-0$('E@*� /.-0D~}~-,� ` D&¥ª� D&1&+R1©�K'*-,Dy¢
] BC+.D&1(-,�A'*-,D&�o-0+.D B = $&D&1
5�� 8 �.� �-��
����K�� � ����.�.���#���
��-� 1K�� ���'�)�",!(' 7 ;:!.��;����! �"$#%#'&)(* + ",�.-/�'01&!2*"$#%# ����
32*"4�.-/�'05�! 76

8:9 ��!.��� 7 8 7 ��*/;=<�!.���><41K��! 
�������-���-)	;9!�8	� 
���:?Q�I",8	��) ����
�!(
���;:���@<�� � �A� �� 7 9�.��!(" ;9���.&B�#���
���� ����3":� 7 
"9' 7 � � ' 7 �4���-���-)<;:!.8 ��":1>�I
�!.��� ����� ���@C �-D�B���>
��0;�6E � � 
��-GF!H>F.HJI C ��8 � ;K�B� :���#!.9
 �-!��ML$1ON ��)<;A&K
�� "$���.��� � � � 8  9 � ;:!.8 �����Q��!.���I"�
�!.:�-)<;�� � 9 �I":":�������QP ��!.� C
' 7 �-��"#8�
������!.���-"$����"#�	� 9 �-"9":�����-�R�K�- � � ���(":��:8�
���)	;9��� 9��) 8	��",;:9��!��-,;9���@P �-!��(' 7 ���>"3���<; 7 �����;A&�� �."�SDT����>
�! C

���;�U31K�V<-��!(' 7 ����;A6 *+!.�WT����>
�!.
�� ; ",;:�-����;O
����WX$!��-:�-DC	��)<;:8	A&-
�!��YT48JC ��9!.� �>< 9 � ;9:![Z!&0
�!.�Y\����.!]Z���� 9� 9 ��;:�- � ���
� �-�.�	
������ ������9���.&�1><V��6�
�!��WP 9�_^ ��9) 8�8 �
�!.��� ;9���Z! 9 T�� ��8	:! 9 �0;9�� � ��� @ 7 8�;98 ���-�.&OX ����B��!(",����� � P 8�' 7 ;:��
1><A��67?Q��;:;:�-,;9��!.�.' 7 �-� ����
`X �-D�B��!(":�3��� � � � � 8	 9 � ;9!�8	����� � ��"+
��-�=C �-9"9' 7 !.�-
��-����� & �0;:�-)<;:8 9) 8 9 �>8	�����<;:�-�
<���:X �� � ���� �����a6b & �����' 7 ��! ;:;D��� � 
��-� �c9 �����."D
���1d�egfKh C T�� ��
�!(
�� ;9���i�#��9
��#��� ' 7 ;: ����	��!(' 7 � � � / D %kj �lXnmJ� ����� � 7 8 1K���.6
& !��I",� �o ��
��-:����� 1>��;:9!]^K;�� ���.� & � ;:�-� 
�!.� 9 ! ;1X �-9":!.8 � B />6 />6 /$8�
����",� ���;:�-:�-�iX �-9":!.8 ���-� 
��� ? �-) 8	��" ;9:��) C
;:!.8 �>":":8 � ;K� ��9�$��:87<��-"9":!��-,;p�#���
����.6



Ü ú z�¶���� �Msvu � ��� s	�*��
 ���[·�� �
��� ��
���s �	�Ísv·�
0¶ uwu�� 0�=2 : C �P C �P B =

& � @ � C�� ! ; & ���" ;9���.�������% 9 !.��
��-",;:�-��"#�-!������ �����;:!.� �4������;:����.��T48 9 1�!.����;:!.8 �B 9 !.��
��-",;:�-��"#�-!������ �����;:!.� �4� �-�.�	
�������T48 9 1�!.��� ;9!�8	�
/ 9 !.�.6���!.���kT48 9 1�!.��� ;9!�8	� 9 !�;$
�9��! ���-��;:����.����T�����
�!.
���;:�-�
� 9 !.�.6���!.���kT48 9 1�!.��� ;9!�8	� 9 !�; <V�B��! ���-��;:����.��� ����
 �-!���� 9 �	���(� 
��-������T�����
�!.
���;:�-�E 9 !.�.6���!.���kT48 9 1�!.��� ;9!�8	� 9 !�; <V�B��! ���-��;:����.��� ����
@<A���-! � ���(� 
������-�@T�� ��
�!(
�� ;9���
� 9 !.�.6���!.���kT48 9 1�!.��� ;9!�8	� 9 !�;$
�9��! � �-�.�	
���������T�����
�!(
���;:���H���F 9 �JZ�! 9 ���.� o �><-� 7 � �	���(� 
��-���� @ !.8 ����� !��Q
��-� � �����;:!.� ����T48 9 1�!.��� ;9!�8	�����

� ��� 9 �JZ�! 9 ���.� o �><-� 7 � ���-��;:����.�� @ !�8	����� !��Q
��-� � �����;:!.� �-�@T48 9 1�!.��� ;9!�8	�����BI%�� B�B 9 �JZ�! 9 ���.� o �><-� 7 � �	���(� 
��-����
T���8	�����T!��Q
��-� � �����;:!.� �-�@T48 9 1�!.��� ;9!�8	�����B / � B � 9 �JZ�! 9 ���.� o �><-� 7 � ���-��;:����.��
T�� 8 ���-�T!.�Q
���� � �����;:!.� �-�RT48 9 1�!�����;:!.8 ���-�B E�� B � 9 �JZ�! 9 ���.� o �><-� 7 � � ��2 C ?Q�-":8 ���-�T!.�Q
���� � ���� ;9!��	����T48 9 1�!��>� ;:!.8 �����
¦ä� p?-,/R/.-�ã(����à¯3 � ��� ' � ' ' ( ���	$ ��"�' � � 4�'��	'�3 " � � ���	$B!	���  � � � $9E�"#�	$ ' ' (

] B�+RD&1&-0�A'E-0D&�o)0nY-,+ C �P

-,D8'EP ��K/R'Ë��â �� P&@A-,D&1\1&-0@ò�W-,@A/.$&� 'g� ` D�L�+.S�D©�K/.-,@A-,+RS�D&+.�A�*-0D���-0@*D©�KOQP&/ �� �A�*+RS�p©� @l+R�A'Ë¢�¥ ` D&D8'E-�1&+R-
),$³��-,@*� @*p?-,+�'E-0D&1&-2���K'E-0D&B�-0D&S�-�� $ _ ô û @*-,1($&),+R-,@A'onY-,@A1&-,Dy�

� � � � � 
����� � � ���+N ��� � � � �� ����+�� � %� � %��� �� �� � ��� ���
�t-,@�;�D&1&)0$&�A'E� D&1�1&-,��)0$]@A-,¥ ` D&�A'*@*$&+R-,@A-,D&1&-0D�á6-0@ _ � /R/.��p?-,� 'E-0P^'2� $(� _ �$&D _ S�-,/.� 1&-0D&-,D]¼�+ ` 9
D&-,Dy¢Í� ` D�1&-,D&-0D���+R-,@m� $&�m1&-0D�p?-,+R1&-,D C �P : B G B J á6-0@ _ �� /R/.-0D��A'Q�KB�BC-,Dy�>;�+.D&-\-�=(%(/.+�9
),+R'*-³LN-0/.-,¥8'*+ ` D�1&-0@m¼�+ ` D&-0D{� D&P©�KD&1�� ` D�;�D&-,@AS�+.-v��-0@*/.$(�A'E�AB�-0�*�A$&D&S�-0DÝ+.DÞ1&-,@m�t@A+ _ 'E¥ª� Bd9
B�-0@Cp()0n��W+.D�1&-,B L�+./.+R),+R$&Bm9��W-,@ 'E-v=N1&-v'E-0¥^' ` @ ` 1&-,@C� D&P&� D&1Ý1(-,�C+.B �tìM�leÑS�-,BC-,�A�*-0D&-,D
egP&-,@A-,D&¥ ` �89�â£+.D&¥K-,/.�Yno$&@*1&-#+.DC1&+.-0�*-0B _ @ �$&P&-0D\L�'E� 1&+.$(B�1&-,@Y�j-0¥ ` D(�A'E@A$&¥8'E+ ` DfD ` OQP»D&+ROQP8'
1&$&@*OQP(S�- _ �$&P(@A'Ë¢¯��+.-0/.BC-,P&@lno$&@A1&- �A-01&-�+RB �t-0'*-,¥8' ` @jS�-0B�-0�*�*-0D&-mLN%($&@��K/.�o1&+.-�-,+RD&-,�#¼�+ ` D(�
S�-,1&-0$('E-v'Ë�
á6$&@>�o-,¥ ` D&� 'E@*$(¥^'*+ ` Dd1(-,�ÍS�-0�E� B2'E-,DCá6-0@ _ � /R/.�Ap©� $&BC-,�Ino$&@A1&-ò),$(D �� OQP&� 'W-,+.D(-gbI+.� 'E-:� ` D3C �P 9
,��KD&1&+.1&�K'E-0Dy¢H1&+.-W-0+.D&+RS�-�-,+RD _ � OQP&-gLN-,/R-,¥8'E+ ` D&�Apq-01&+.D&S $&D&S�-0D2-0@ _ �$&/R/.-,D�B]�$&�*�A-,Dy¢ -,@A),-0$&S 'Ë� c#$&�
1&+.-0�*-,DÆ� ` @*�A-,/R-,¥8'E+R-,@A'*-,D3C �P no$(@*1&-0DC� ` 1&� D&Dd� /R/.-:B �` S�/.+ROQP&-,DÆáqng-0+.-,@A¥ ` B�p&+.D©�ª'E+ ` D&-,D2S�-,p&+R/�9
1&-0'ä$&D&1ÆBC+R'�1(-,D�� -,@*p(/.-,+Rpq-0D&1&-0Dd¼�+ ` D&-0DN9-,�� D(1&+.1©�ª'E-,D�),$ 0 2�9-,�� D&1&+R1©�K'*-,Dy¢ 1&+R-Wno+R-,1&-0@*$&B
-,+.D(+.S�-t-0+.D _ �KOQP&-2LN-,/R-,¥8'E+ ` D&�*p?-,1(+.D&S�$(D&S�-,D�-,@ _ �$&/./R-,D\B �$&�*�A-,Dy¢¯¥ ` BÆp&+RD&+.-0@A'Ë�

������������� #��! #"%$'&)(+*-,. /(102"3$54'�!*�C �P

�t+.- C �P : B G B J(9 á6-,@ _ �� /./R-\no$&@*1&-0D£1&$&@*OQP , ` BÆp(+.D©�K'*+ ` D�� /R/.-,@C-,D8'*S�-,S�-0D&S�-0�*-0'*)0'�S�-0/Ù�ª9
1&-,D&-0@�LN%&$(@*-,D4$(D^'*-,@�c#D^nY-,D(1&$&D&S³-,+RD&-,��-,+.D _ � OQP&-,D4S - ` BC-0'*@*+.�AOQP&-,D~�W-,@A'*-v=^9<c#/.S ` @*+R'*P&BÆ$&�
@*-,¥ ` D&� 'E@*$(+.-,@ 'Ë�
�t+.-g� -,@AnY-,D(1&-0'*-,D³���K'*-,Dm�A'*-,/./R-,D _ �$&@�1(+.- ,�� D&1&+R1©�K'*-,DmS�-,/.� 1&-0D&-,@�¦§-,+R/.OQP&-0D�1&+R-o!#-0/.+�=N%©�K@E�ª9
B�-v'E-,@gp&)0n��&ì<BC%&$&/R�A� -,¥8' ` @A-,D³1&-0@lS�-,BC-,�A�*-,D(-,D�LN%&$&@A-,D�� B <�@ 'l+.P(@*-,@gD �� OQP&� 'E-,D�c�D(D �� P&-�9
@*$&D&S�)0$&@�)v9�c�OQP&�A-o1&-,�W�t-v'E-,¥8' ` @ 9�, `�` @A1&+.D©�ª'E-,D(�A���A'*-,BC�Í),$&@Í�W-0@ _ �$&S $&D&S&�^á6$(@��j-0¥ ` D(�A'E@A$&¥�9



� ������� �ª·7�Hsvu.s	�
��� ��
 ÜW�

x

x

z−Achse

Impulsvektor

x

resultierender K 0
S

c�p(p&+./R1&$&D&S�ã(����à��@��$	� '�� ����� ' 4 " ��� ' ' ( ����$�� ' ' E � "�* ' � � �	"�� � ���	�/( ��* � � � $%"��������	' �@�	$ ����� �
�-4 ( * $%" � � � ' �

'E+ ` DÛ1&-0� C �P 9<ì<BC%&$&/.�A-,�»B �$&�A�*-,Dí� /R/.-,@A1&+.D(S��f1&+R- B = 9�ì<B�%($&/.� ��-,¥8' ` @*-0DÚ� B <t@A'³1&-0� C �P 9
á6-,@ _ � /./R�A� -,@A'*-v=q¢^1&-,@Y� $ _ S @*$&D&1C1&-0@Y/.� D&S�-0DfbI-,p?-,D(�*1©� $(-,@Y� ` D�C �P 9 }~-0� ` D&-0D»�*-0P&@Wng-0+R':� ` D
1&-0@oâ�-,OQP(�*-,/�no+.@A¥�$(D&S��*@A-,S�+ ` D�-0D8' _ -,@AD8'�/R+.-,S -,D\¥ª� D&Dy¢¯�K1&1&+.-0@A'lnY-,@A1&-,Dy�
�t-,@ò�W-0@A'*-v=³c#/.S ` @A+R'*P&BÆ$&�Ypq-0�A'E+RB�B2'lD^$&D~1(-,D³% ` 'E-,D8'*+.-,/R/.-0D C �P 9 á6-0@ _ � /R/.�A� -,@ 'E-v=q¢N1y� P6�©1&-,D
LNOQP&D(+R'*'*%&$&D&¥8'g)0nY-,+.-0@WS�-,/.� 1&-,D(-,@ B = 9MLN%&$&@A-,Dy¢^%&@ ` %©� S�+R-,@ 'W1&+.-op?-,+.1(-,D B = 9<ì<BC%&$&/R�A� -,¥8' ` @A-,D
),${1&+R-,�A-,Bx¼�$&D(¥^'m$(D&1�� 1&1&+R-,@A'��*+R-»1 ` @ 'Ë�Í�t+R-,�2+.�A'Æ+.D«c#p&p&+./R1&$&D&S"ã(�R�»� -,@*� D&�*OQP&� $&/.+ROQP8'Ë�
�t+.-��g-,� 'E+RB�BÆ$(D&S�1&-0�jLNOQP&D&+�'*'*%&$&D&¥8'E-0�l-,@ _a` /.S 'ò� D&P©�KD&1»1&-0@l¼�@ ` �A-0¥^'*+ ` D\1(-,@òp?-,+R1&-,D�LN%($N9
@*-0D³-,D8'E/.� D&Sd1&-0@l)v9<c#OQP&�*-K�¯���Æ+.D&D(-,@*P&� /.p»1(-,�jLN%&$(@*@*-0¥ ` D(�A'E@A$&¥8'E+ ` D&� 9�� ` /.$(B�-0D&�l1©� �j}��KSK9
D&-v' _ -,/R1¡+.D�)v9<�j+ROQP8'E$&D&S�),-0+.S ',¢:¥ �` D(D&-,DÛ1&+R-�¼�@ ` �A-,¥8'E+ ` D&-0D¡1&-,@Cp?-,+.1(-,D£LN%($&@*-0D¡+.D�S�$('*-,@
ñ ��KP&-,@A$&D&S{� /R��,�@*-0+.�A-�p?-,�*OQP(@*+.-0pq-0DÛng-0@*1&-0Dy¢YnY-,D&DU;�D&-0@*S�+R-0��-0@*/R$&�A'*-"-,D8'E/.� D&S«1(-,@\L�%&$&@
��-0@*D©�KOQP&/<�� �A�*+RS '³ng-0@*1&-0Dy�tL�OQP&D&-,+R1&-,Dí�*+ROQPí1&+R-4pq-0+.1&-0D ,�@A-,+R�*- ¢òno+R@*1£1&-0@ �A-,D(+.S�-�LNOQP&D(+R'*' 9
%&$&D(¥^'Æ� /.���W-0@A'E-�=]+.D8'E-0@*%&@A-0'*+.-,@ 'Ë¢�p?-,+W1&-,B 1(+.-m-,D8'E�A%&@*-0OQP&-,D(1&-,D�¼�$&D&¥8'E-�1&-,@2!#-0/.+.)0-,��+.B
1&@A-,+.1(+.BC-,D&�A+ ` D©�K/.-,D��j� $&Bí1&-,D2¥^/.-,+RD&-,@A-,D�c�p&� 'Q� D(1�� $ _ ng-0+.�*-0Dy�KLNOQP&D&-0+.1&-0D��A+.OQP�1&+.-Wp?-,+.1(-,D
,�@*-0+.�*-#D&+.OQP8',¢^no+R@*1�1&-,@g¼W$(D&¥8'Ë¢�1&-,@YB�+�'*'E+RS�)0no+R�*OQP&-0D\1&-,D/,�@A-,+.�A-,D\�K$ _ 1&-0@Y�W-,@Ap&+.D(1&$&D&S��M9
/.+RD&+.-\1(-,@f}~+R'A'E-,/R%&$&D&¥8'*-~1&-0@�p?-,+R1&-,D ,�@*-,+R�*-�/.+R-,S ',¢�� /.��á6-0@ _ � /R/.�A� -,@ 'E-v=�S -,1&-0$('E-v'Ë�Y�t$&@*OQP
� ` 'Q�K'*+ ` D£+RDU1(-,@�¼�@ ` �A-0¥^'*+ ` D(� 9M���K@*�A'*-,/R/.$&D&S�nY-,@A1&-,D 1&� D&DU1&+.-"=��ª�89-, ` BC% ` D&-,D8'E-0Dí1(-,@
p?-,+.1(-,D¨ì<B�%($&/.� ��-,¥8' ` @*-0D�)0$]1(-,B �W-0@A'*-v=4%(@ ` %©�KS�+.-0@A'Ë�6�t+.-2@*-,�A$&/R'*+.-0@*-,D(1&-,D¨ì<BC%&$&/.� ��-0¥^' ` 9
@*-0D»ng-0@*1&-0D~BC+R':1&-0@l¼�+ ` D�9Mñ ` B�+RD©� /.B�� �A�*-l),$»��+.-0@*-,@ ��-0¥^' ` @*-0D³-,@AnY-,+�'E-0@A'Ë¢&� $&�ò1&-0D&-,D\�A+.OQP
1&$&@AOQP³c�1&1&+�'E+ ` Df1&-0@g�t+R-,@A-,@A� -,¥8' ` @ò1&-,� C �P 9-,�� D&1&+R1©�K'*-,Df-0@*S�+Rp('Ë�N�t+.-j@*-0�*$&/�'E+R-,@*-0D&1&-0D C �P 9
,�� D&1&+R1©�K'*-,D»B �$&�*�A-,D»1(+.- _a` /.S�-0D&1&-,Df�g-,1(+.D&S�$(D&S�-,Df-,@ _ �$(/./.-0Df$&BÑ+RBÑnY-,+�'E-0@*-,D��W-,@*/.� $ _ 1(-,@
�o-,¥ ` D&�A'*@*$&¥8'E+ ` D�p?-,@K�$&OQ¥^�*+ROQP^'*+.S 'j)0$�nY-,@A1&-,Dyà

] �t-0@jBC+.D(+.B�� /.-oc�p(�A'Q�KD&1�1&-0@opq-0+.1&-0D B = 9 LN%($&@*-0D~BÆ$(�*�j¥�/R-,+RD&-,@o� /R�oÜNï ��O,B��A-,+.D6�
] �t+R-�}�� �*�A-21(-,� C �P 9-,�� D(1&+.1©�ª'E-,D³BÆ$(�*�oB�+�'l1&-0@ C �P 9 }��K�*�*-���-0@A'*@ �� S�/R+.OQP³�*-0+.Dyà
� è���� 0 è	��
2 � �¡Ü�ó�}�-i���Kçvé

] �t-0@�â£+.D(¥ -,/j)0no+R�*OQP&-0D£1&-,B @*-0�*$&/�'E+R-,@*-0D&1&-0D C �P 9<ì<BC%&$&/R�A��-0¥8' ` @�$&D&1¡1&-0@��W-0@*p&+RDN9
1&$(D&S��*/R+.D&+R-j� ` D³¼�@*+RB �� @ ��-0@A'E-�=»$(D&1 C �P 9��W-0@A'*-v=fBÆ$&�*�g¥�/R-,+RD&-,@g� /.�#�����@*� 1»�*-0+.Dy¢N1y� Py�
1&-0@�C �P 9<¼�@ ` 1&$&¥8'E+ ` D&�A� -,@ 'E-v=�BÆ$(�*�fBC+R'C1&-0@Câ�-,OQP(�*-,/�no+.@A¥�$(D&S��*@A-,S�+ ` D¡¥ ` B�%&�K'E+Rpq-0/
�A-,+.D6�



ÜKô z�¶���� �Msvu � ��� s	�*��
 ���[·�� �
��� ��
���s �	�Ísv·�
0¶ uwu�� 0�=2 : C �P C �P B =

]
2

) [GeV/cS
0

m(K

0.48 0.49 0.5 0.51 0.52

2
en

tr
ie

s 
/ 0

.2
5 

M
eV

/c

0

500

1000

1500

2000

2500

3000

3500

) [GeV/c]S
0

p(K

0 1 2 3 4 5 6

en
tr

ie
s 

/ 6
0 

M
eV

/c

0

200

400

600

800

1000

1200

1400

1600

]
2

) [GeV/cS
0

m(K

0.48 0.49 0.5 0.51 0.52

2
en

tr
ie

s 
/ 0

.2
5 

M
eV

/c

0

200

400

600

800

1000

1200

1400

]
2

) [GeV/cS
0

m(K

0.48 0.49 0.5 0.51 0.52

2
en

tr
ie

s 
/ 0

.2
5 

M
eV

/c

0

200

400

600

800

1000

1200

1400

1600

1800

m ππ

m ππm ππ

E
in

tr
äg

e

E
in

tr
äg

e
E

in
tr

äg
e

E
in

tr
äg

e

c�p&p&+R/.1&$(D&S�ãN� ÜNà !9� �U4�" ' E���* G �	$�� ( " � � *>(*$	�
� � � �	" ( � C �P � � � �%����'����!� E�� $ �	' X � " � � ' � �&" �
� ' 4�"#�	$ �-�	'"ç ç : � 0�=2 : � C �P C �P B = ��� $ �	" (*'�"��%����'7$�� E * '�� � $ ' " �	$ �� ' $�� �	' 8I3 ��"�� � ' �&�
( � # %' 4[4 ���	'  �!� E�� $ ' � � ' $���� � ' $-. � E * '�� � $ ' E�� "�* ' ���	$��������	��
 � �@�	$ �-� ����$ � ��$ � �	'�� ��� X ��* �
G���"�( � #)* $ ���	$ ��� ' $�����X��)� �&� �)�
� � * '������	'�� �)1 " �>��� ' ���	$ �@�	$ �-� � �
'*�A� �%� ' ' ( (*$ %*����	$ �Y4 �l� û
"�� �98 !9� � � ' $���� � "#� 2 "�'�"#� � ' ( � ��� ' �-�����  � �7E�� $ ' � $���� ' 4)� "#�	$ � � ' � �	" '��	$4� '*�A� �%� ' ')( � " �
���	� ( � * �/��� $&" ��������' � 4 ( *>$&" � ��� ' � ' '��-��$ �@�	$ � �	'�� ' ' ( ���	$ " � ����� � G �	����� $&" ��G���'��	'F��	�
4 � E�� "�* '��9E $&" ���	$%" �	' 8N. � ��� � � * G �	' �&"�'�� � "#� ��'�� ����$�� �����	'�����' ��� � ' 4 �&� � �7E � $���' ( � � �	" ( ��8 ! " �
' '��-�	$ �	' G �	" � �	' � � �%����'����!� E�� $ �	' � ' $�� �	' � ")� ( " 4[# � ����$ * G �	' G �	� ����$&"#��G �	'���' � � � � * �
���	' � ' � � �	' � �	�%���)� �-�	' $��7E * ' � � $ ' " ��$ � X 4�"�' E�� � ")� ����� ( ��* �/��� $%"�� �����	' �-4 ( * $%" � � � ' � ' '��
$�� ����� � � " � � �	�����������
 � � *)� ' 4 � �	$j365y3q587 ��N*�# � �!�
$���8
¦ä@ ` 'E)l1&-0@:;W+RD _ � OQP&P(-,+R'W1(-,�W��-,@ ng-0D&1&-v'E-,Dfc�/.S ` @*+�'EP&BÆ$(�,¢ �A+.D&1m1&+R-o�j-0�*$&/�'Q�K'*- _ �$&@W-,+RD&-ò� ` @ 9
�*-,/R-,¥8'E+ ` D"�K$&�*@A-,+.OQP(-,D&1¨$&D&1�1&$&@*OQP&� $&��BC+R'j1&-,D(-,D41&-0�t+.B�365636587:9<®©@E� BC-0n ` @*¥\-0D8'EP©� /�'E-�9
D&-,D��#s	�Hz � 
 9 } ` 1&$(/.�,¢N1©� �o1&-0D³�W-0@A'*-v=³BC+R'ò!#+./ _ -t1&-0@j}~-0'*P ` 1(-�1(-,@l¥^/.-0+.D&� 'E-,D .t$©� 1(@E�K'*-
B�+�'�b�� S�@*� D&S�-�9 }~$&/�'E+R%&/.+R¥K�ª' ` @A-,D"�KD&%©� �A�A'Ë¢y� -,@AS�/.-0+.OQP^p©� @Cha�*+.-0P&-mc�p&p(+./.1($&D&S³ã(��Ü�kv�6ì<D�!j+.DN9
p&/.+ROQ¥«� $ _ 1&+R-»�W-,@E�K@*p?-,+R'*$&D&S��AS�-,�AOQP8no+.D&1&+RS�¥ -0+R'�+.� 'm1&-,@mS�- ` B�-v'E@A+.�*OQP(-�c#/.S ` @*+R'*P&BÆ$&�21&-,B
�#s	�Hz � 
 9 } ` 1&$&/6nY-,+�' �$&p?-,@*/R-,S�-0Dy�



� ������� �ª·7�Hsvu.s	�
��� ��
 Ü î
������������� #��! #"3$ &)( * ,. /(102"3$�4.�!*/032���� � & "3$.� $
á6$&@��j-0¥ ` D(�A'E@A$&¥8'E+ ` DÛ1&-,��S�-,�*� B�'*-,D£á6-0@ _ � /R/.�*p&� $&BC-,�dno$&@*1(-,D¡D^$&DÛ1&+R-�� ` @*�A-,/R-,¥8'E+R-,@A'*-,D
C �P 9�,��KD&1&+.1&�K'E-0Dy¢©1&+.-�¥K-,+.D(- �¬jpq-0@*�*OQP(D&-,+R1&$&D&S�-0D O +.B�;WD(1&),$&� 'Q� D(14� $ _ nY-,+R�*-,D6¢q%©� � @AnY-,+R�*-
BC+R'I1&-0D2� -,@*p(/.-,+Rpq-0D&1&-0D B = 9-,�� D&1&+R1©�K'*-,D�¥ ` B�p&+.D&+R-,@ 'Ë¢,n ` p?-,+8),$(D �� OQP&� 'Í1&+R-:}�� �*�A-Y$(D&121(-,@
ì<BC%&$&/.��1&-0@�@*-0�*$&/�'E+R-,@*-0D&1&-0D 032v9-,�� D&1(+.1©�K'*-,D�1&$&@*OQPÞ-,+.D(-�c#1&1&+R'*+ ` D]1&-0@2�t+R-,@A-,@A� -,¥8' ` @*-,D
p?-,�A'*+.BCB�'lno$&@A1&- �?® �$&@lnY-,+�'E-,@A-�¬jD8'E-,@A�*$&OQP^$&D(S�-,D"no$&@A1&-,D~D^$&@ �A-0D&- 03209-,�� D&1&+R1©�K'*-,D�� ¥�9
),-0%('E+R-,@ 'Ë¢ 1&+.-:-,+RD&-g}�� �*�A-g+RD&D&-,@AP©� /Rp21&-0�>ì<D8'E-0@A�K� /R/.�W��ï��l��-[���Kç�é ��è � 
2 � 
2 ��� �£ÜNï ãl��-i���Kçvé
$&D&1Þ-,+.D(-,DÞì<BC%&$&/R��� ` D�B�-0P&@��K/.�2ÜNï öÞ��-i� � çd+.BL�OQP^nY-,@A%&$&D&¥8'*�A���A'*-,B � $ _ nY-,+R�*-0Dy�>;�+RD&-
�o-,¥ ` D&�A'*@*$&¥8'E+ ` D¨� ` D 032v9 }~-0� ` D(-,D]B�+�'tD&+R-,1&@A+.S�-0@*-,B ì<B�%($&/.�t+R�A'�D(+.OQP8'��*+RD&D8� ` /R/�¢61&�³1(-,@
¥ ` BÆp&+.D&�K' ` @A+.�AOQP&-Æ¬jD^'*-,@AS�@*$&D(14pq-0+ä¥^/.-0+.D&-0D"ì<BC%&$&/.�A-,D"�A-,P&@��A'Q�K@*¥�� D8n �� OQP&� '�$&D&1"1&+R-dLN-�9
/.-0¥8'E+ ` D�-0+.D&-0�o�E� $&p?-,@A-,D"LN+.S�D&� /.�ò$(D&B �` S�/.+ROQP»Bf�KOQP^',�
�t-,� ng-0+R'*-,@*-0D¡ng-0@*1&-0DÛ1&$&@AOQP¡1&+.-~�g-0�*OQP&@ �� D&¥^$&D&S�� $ _ 0 2�9-,�� D&1&+R1©�K'*-,D�P ` P&-0D¡ì<B�%($&/.�A-,�
03209 }~-0� ` D(-,D\� $(�òá6-0@ _ �� /R/.-,Dm� ` D»ù�9M}~-,� ` D&-,D»� ` /./R�A' �� D&1&+RS�$(D^'*-,@A1&@ �$&OQ¥8'�ha�*+R-,P&-jc�p&p6�(ã(� ã8k�¢
� ` 1©� �A�~+RDÛ1&-,B ���K'E-0D&�E�K'*)¨/.-,1(+.S�/R+.OQP 032v9Má6-,@ _ ��K/./.-�� $&��ç çQ9<®¯@*� S�BC-,D8'Q�ª'E+ ` D&� 9<;W@A-,+RS�D&+.�A�*-0D
��-0@*p&/R-,+Rpq-0Dy���t+.-,�A-,@Y¬#BC�A'E� D&1f-0@*/R-,+.OQP8'*-,@A':1&+R-�¼�@ ` 1&$(¥^'*+ ` Dm� ` DfS�-0-,+.S D&-0'*-,D\} ` D8'E-�eò�K@*/ ` 9
LN+RBÆ$&/Ù�ª'E+ ` D&�*1©�ª'E-,D~ha�*+.-0P&-#ã(�R�Hk _ �$(@Y1&+R-j;�[C)0+.-,D(),¥ ` @*@*-0¥8'E$&@òp?-,+¯1&-0@g+RD�,�� %&+�'E-0/©ö2p?-,�AOQP&@*+R-v9
p?-,D&-0D"¼>�K@A'E+.� /RnY-,/R/.-0D©� D©� /����*- �
�t+.-ä� ` @A�*-,/R-,¥8'E+R-,@ 'E-,D 032v9-,�� D(1&+.1©�ª'E-,Dtno$(@*1&-0D�+.BUD �� OQP(�A'E-0D��o-,¥ ` D&� 'E@*$(¥^'*+ ` D(�*�*OQP(@*+R'A'>-0+.D&-0@
¥^+.D&-0Bf�ª'E+.�AOQP&-,D�c�D(%©� �*�A$&D&S�$&D8'E-,@A) ` S -,Dy�

������������� � 0 $.���
	 (10 &���.��� $���	 & & ,'$��
��� ��c�$(¤ �` �*$&D(S��A� -,@*B �` S�-0D�pq-0+Y1(-,@2�j-0¥ ` D&� 'E@A$&¥8'E+ ` D«-,+RD&-,�Æá6-,@ _ �K/./.�tno+R@*1�1&$&@*OQP�1(+.-mpq-0+
1&-0@ò}~-0�*�A$&D&Sd� $ _ 'E@*-v'E-0D&-,D\®©-0P&/.-0@:p?-,�AOQP&@ ��KD&¥8'Ë�N�g-,+¯1&-0@Y¥^+.D(-,B��K'E+R�*OQP&-0D�c#D&%©� �A�*$&D&S�-,+.D(-,�
S�-0B�-0�*�*-0D&-,D]á6-0@ _ � /R/.�Ap©� $&BC-,�ò� -,@*�A$&OQP8'�B�� D³1&+.-�}~-,�A�AnY-,@ 'E-Æ+RD&D&-,@AP©� /Rp~+RP&@*-0@#®©-0P&/.-0@A' ` /.-v9
@E�KD&),-0Dd� ` ),$2� �K@*+.+R-,@A-,Dy¢ 1©� �A�ÍD&-0pq-0Dm;WD(-,@*S +.-v9y$&D&1dì<BC%&$&/R�*-,@AP©� /�'E$&D&S#),$&� ��K'E)0/.+ROQP&- ¢ � $&�>1(-,@
á6-,@ _ � /./R�*P8��% ` 'EP&-0�*-2� p&S�-0/.-,+�'E-v'E-�S�- ` B�-v'E@A+.�*OQP(-�$(D&1�¥^+.D(-,B��K'E+R�*OQP&-��j� D&1&p?-,1&+RD&S�$&D(S�-,D�-v=^9
� ¥8'Y-,@ _ �$(/./R':�A+.D&1y�^ì<� 'g1&+R-#c#D&%©� �A�*$&D(SÆ+.D&D(-,@*P&� /.pC1&-,@Y®©-,P&/R-,@ ' ` /R-,@E�KD&),-0D�B �` S�/R+.OQPy¢�� ` -0@*S�+Rp('
�*+ROQP³1&$&@*OQP³1&+R-t),$(�H��K'*),/.+ROQP&-�ì<D _a` @ABf�ª'E+ ` Df1&-0@òS�-,� 'E-0/./R'*-,D³�j� D&1&p?-,1(+.D&S�$(D&S�-,D\-0+.D&-#��-,@Apq-0� 9
�*-0@A'*-�c#$(¤ �` �A$&D&S&��, �` D(D&-,D³1&+R-��#� D(1&pq-01&+.D(S�$&D&S�-0D\1&$&@AOQP~-0+.D&-t�:� @A+Ù�K'*+ ` D�1&-,@#}~-0�*� ng-0@A'E-
+.D(D&-,@AP©� /.p2+.P&@A-,@>®¯-0P&/.-0@*+RD^'*-,@ � �K/./.-�D(+.OQP8'�-,@ _ �$&/./�'�ng-0@*1&-0Dy¢�+.� '>1(-,@Íp?-0'*@E� OQP8'E-v'E-oá6-0@ _ � /R/.�Ap©� $&B
BC+R'l1&-0@#á6-,@ _ �K/./.�AP8�N% ` '*P&-,�A-�$(D^� -,@A-,+.D^p©�K@#$&D(1�no+R@*1\��-0@An ` @ _ -0Dy�
á6$&@#¥�+RD&-,B��K'*+.�*OQP(-,D"c#D&%©� �A�*$&D&S\1(-,@#� ` @*�A-,/R-,¥8'E+R-,@A'*-,D 032v9�,��KD&1&+.1&�K'E-0D�$&D8'E-0@t1&-0@ 0 =2 :
C �P C �P B = : B G B J B G B J B ="á6-,@ _ � /./R�*P8��% ` 'EP&-0�*-ono$&@*1&-�1&-,@Y+.B�365636587:9<®©@E� BC-0n ` @*¥fr�s���¶
-,D8'*P©� /R'*-,D&- �#s	�Hz � 
 9�c�/RS ` @*+�'EP&B�$&�,¢y1(-,@d� $ _ 1(-,@m}~-v'EP ` 1&-»1(-,@Æ¥^/.-0+.D&� 'E-0D .�$&� 1&@E�ª'E-fp&�ª9
�*+R-,@ 'Ë¢���-,@ ng-0D&1&-v'Ë�W�t-,@2c�/RS ` @*+�'EP&B�$&��B�+RD&+.BC+.-0@A'�+.D�-,+RD&-,B+R'*-,@*�K'E+���-,D��W-,@ _ �KP&@*-0D«1&+.-�),$
1&-0D«}~-0�*� ng-0@A'E-0D{� 1&1&+R-,@ 'E-,D , ` @A@*-,¥8'*$&@A'*-,@*BC- ¢yn ` p?-,+�1&+R-mS�-,� 'E-,/R/R'*-,D¨�j� D&1&p?-,1&+RD&S�$&D(S�-,D
1&$&@AOQPf1&+R-o}~-v'EP ` 1&-o1&-,@:b�� S�@*� D&S�-�9 }~$(/R'E+R%&/.+R¥ª�K' ` @A-,D�pq-0@K�$&OQ¥^�A+.OQP8'E+RS 'Wng-0@*1&-0Dy���t+.-,�A-,���W-,@M9
� *D" !(" ;+
���9' 7 � ��" 9 �8 � �.!(' 7 & 
�� "9" 
����":���.1>� @ !.8 � C T����>
�!.
�� ;'<��� F 8	 9 ��;:!.8 � 9 � 7 :�-:�-/(Q + C T����>
�!.
�� ;:�-�

7 �-9� ��� �A<�8 �	�����#!��
!6 & !��I",� (Q + C T�����
�!.
���;:�-�.& 
�!.�3
�!.�-":���.1>�-��P �-!��(' 7 ��� ! 9 *D��
O<��>" ;�����
 ���<; 7 ����;:�-�.&	
 ��� � �-�
��!(' 7 ;����(" �K�� � ���.�.":��98�
���)<;:����!.���-" P �-!��(' 7 ���>" !��<;:�-:��:��;:!.��:;p�B���
��-�.6



ã � z�¶���� �Msvu � ��� s	�*��
 ���[·�� �
��� ��
���s �	�Ísv·�
0¶ uwu�� 0�=2 : C �P C �P B =

P, GeV/c

N
(D

S)

BABAR

0

200

400

600

0 1 2 3 4 5

c�p&p&+R/.1&$(D&S\ã(� ã(à ��� � "#�	' � ��E * $&$%" (*"#�	$ ���	�	X � '�� � '�� ���	��� ��$�# �Y4[4�� 0 =2 : � B = : C4G C�J B =
� ' �§365y3q587 �)!9� �-�	'9$ � E *>'�� � $ ' "#�	$ ���	� ��� � ' 4��%���!� E�� $ ' � ��* ' 032 � �7�	��*>'��	' 8�! "#� � ' $ � � �
��" ( �
� " � � '�� " � !9� �-��' �
' ( �-� � �&� �-� � �����	$&� �	' ���!� $�� �/��� $%"��%" �	$ ' ' ( # %' $7�*" � ��� � ' 4�� �>�	$ �-�	"[4 ' ')(
��* ' 032 � � ����* '��	' � ' �����	$Cç ç�� � $	�
(*�/�	'�� � � " * ' 8 ! " � � � � $�E � %
 G �	$&� %* � ' ' ( G���"���� � ' 4�����'
E 4#�	" '��	$!�Y4��ÍÜNï�����-[��� ç �	'�� � ���
� � ��032>� � ����* '���' � ' ��� ��$�# %�Y4[4 �	' ��*>'�ù � � ����* '���'����	� � � �@�ù � = : 0 � = M�� R 0 M�� RP 8 � ' # (*$ ' '��F� �	� E 4#�	"�'��	' ��� � ' 4������3� �	$2ù � � ����* '��	' �%"�'�� � " ����� 0 2>�
� �	�	* '��	' G���";�	" '��	� ��� � ' 4 � ��* '7��� 8¯ÜNï��~��-i���Kç-E "�'������ � "�� ��� 4 "�� " � " �	$ ��8

_ � P&@*-0Dd� ` /R/(+RB _a` /RS�-,D(1&-,D _ �$&@>1&-,Dd� ` @*/.+R-,S�-0D&1&-0D�®¯� /R/N1(-,@�c�D(%©� �*�A$&D&S�1&-0�gá6-0@ _ � /R/.�Ap©� $&BC-,�
0�=2 : C �P C �P B = : B G B J B G B J B =�¥^$&@A)�p?-,�AOQP&@*+R-,p?-,DÞnY-,@A1&-,Dy�§;�+.D(-C1(-0'Q�K+././R+.-0@A'E-���� @ 9
�A'E-0/./R$&D&Sd1&-0@#®©$&D(¥^'*+ ` D(�AnY-,+.�A-��&D&1&-0'j�A+.OQP�+.D�� �W-��(� ¢©�g@ î Ü �i�
��@A$&D&1&/.� S�- _ �$&@d1(+.-\c�D(%©� �*�A$&D&S��*+.D(1�1(+.-\S�-0B�-0�*�*-0D&-,D�ì<B�%($&/.�M9�$&D&1 <t@A'E� ��-0¥^' ` @*-0D¡1&-0@
_ �$&D _ B =?9-,�� D(1&+.1©�ª'E-,D³$&D(1~1&-0@*-0D4}~-0�*� _ -0P&/.-0@��KB�¼�$&D&¥8'#1&-,@oD��� OQP(�A'E-0D�c#D&D��� P&-0@*$&D(Sf),$(@
)v9<c#OQP&�*-�1&-0�#�t-v'E-0¥^' ` @ 9�, `N` @A1&+.D&�K'E-0D&�A���A'*-,BC�,�?á6$&D �� OQP&�A'onY-,@A1&-,Dy¢¯1&$(@*OQP�c#D&%©� �A�*$&D(Sf1&-0@
-,D8'E�A%&@*-0OQP&-,D&1(-,D B =?9�,��KD&1&+.1&�K'E-0D��KDfS�-0B�-0+.D&�*� B�-ò�W-0@A'*+.),-0�,¢^1&+R-jp?-,+R1&-,D C �P 9�,��KD&1&+.1&�K'E-0D
S�-,p&+R/.1&-v'Ë¢8n ` pq-0+6S�- _a` @*1(-,@A'gno+.@*16¢N1©�K�*�ò1&+R-�}��K�*�*-�1&-,@ò@A-,�A$&/R'*+.-,@A-,D&1(-,D ,�� D&1&+R1©�K'*-,D»S�/R-,+ROQP
1&-,@�D ` BC+.D(-,/./R-,D9C �P 9 }�� �A�*-:+.� 'Yh ¸C¶�� �vX*´	��
 ���[·*¶W� 
 �.kv�H}~+R'�1&-0@§� $&�§1&-,@�c�D(%©� �*�A$&D&S#S�-0n ` D&D&-�9
D&-,D , ` �K� @*+.� D&),B��K'*@*+�=d�*+.D(1»1&+.-�pq-0+.1&-0D/C �P 9-,�� D(1&+.1©�ª'E-,D�D^$&D&BC-,P&@ �� +�$(+R�K� /.-0D8'ò),$\1(+.@*-0¥8'
S�-,BC-,�A�*-,D(-,D³¦ä-0+./ROQP&-,D\$&D(1³nY-,@A1&-,D³BC+R'Y1&-,B±��-0@*p&/R-,+.p?-,D(1&-,D B = 9�,�� D&1&+R1©�K'E-0D»$&D8'E-0@l® ` @ 9
1&-,@A$&D&S\-,+RD&-,�#S�-,BC-,+RD&�E�KB�-0D��W-,@ 'E-v=�),$4-0+.D&-0B 0 209�,�� D&1&+R1©�K'E-0D�¥ ` BÆp&+RD&+.-0@A'Ë�q}��KD4¥K�KD&D
),-,+RS�-,D6¢�1©� �A�:1(+.-lp?-,�*OQP(@*+.-0pq-0D&- ¢^�A- +^$&-,D8'*+.-,/R/.-l� ` @AS�-,P&-0D&�AnY-,+R�*- �� +^$&+R�K� /R-,D8'�)0$�-0+.D&-0@��*+.B�$&/�9
'Q� D&-0D~c#D&%©� �A�*$&D(Sf1&-0�jS -,�E�KB�'E-0D"á6-0@ _ � /R/.�*p&� $&BC-,�ò+R�A'2� c#� î�î ���
�t+.-\P&-0/.+�= _ �` @AB�+RS�-\L�%&$&@m-,+RD&-,�mS�-0/Ù� 1&-0D&-,D�¦§-,+./ROQP&-,D(�,¢Wp&)0n��W1&+R-³S�-,@*� 1&-�®>/.$(S�p©� P&D{-0+.D&-0�
D&-,$('*@E� /R-,D]¦ä-0+./ROQP&-,D&�0¢ä¥ª� D(D�1&$(@*OQP _ �$&D _ $&D©� p(P �� D&S�+RS�-C¼>� @*� BC-0'E-0@�pq-0�*OQP&@A+.-,p?-,D�ng-0@*1&-0Dy�
��� B�+�'�-0@*P ��K/R'ÆB�� D��K$&�d1&-,@Æ® ` @*1&-0@*$&D&S4-0+.D&-0�dS�-,BC-,+RD&�E�KB�-0DÞ�W-,@ 'E-v= _ �$&@��A-,1(-,D{1&-,@Æ� D
1&-,D³�W-,@ 'E-v=~�KD&),$&%&� �*�A-,D&1&-0D ,�� D&1&+R1©�K'E-0D~Üm$&D&� p&P �� D(S�+.S�-��j� D&1(pq-01&+.D&S $&D&S�-0D	�H�©c�$&�j1&-0@

 & !�� � �-
�!.���	�����	":� �.��!(' 7 �����	��� � ��� ��!.�����T� � 9 �-!��>":� 9 �-�=X ��:;:�VZ�����
��-�Z",!(' 7 !.� �.!����-��9!(",!.��:;:�- F 8	 9 !.�



� ������� �ª·7�Hsvu.s	�
��� ��
 ãN�
®©-,� 'E/.-0S�$&D&Sf1&-,@�}~� �*�A-�� 1&-,���KD&),$&%&� �*�A-,D&1&-0DF,�� D(1&+.1©�ª'E-,D~@*-0�*$&/�'E+.-0@A'�-,+.D(-�),$(�H��K'*),/.+ROQP&-
�j� D&1&p?-,1&+RD&S�$&D(S&à �������
	������� ��� 	�

�
H ��� é 0������

�����
	������� ��� 	�
� �E � �����

é
0 � IÚ� h[ã(��� k

L�'*-,/./�'WBf�KDC1(+.-��³S�-,BC-,�A�*-0D&-,Dfâ�-,@ 'E- 	���¢81&+R-o),$CB�+RD&+.BC+.-0@*-,D(1&-,D3, ` @A@*-,¥8'*$&@*-0D �!�6$&D(1�1&+R-
�*+ROQP41©� @*� $&�t-0@*S�-0pq-0D&1&-,D�� D&S -,%©� �A�A'*-,D4âÞ-0@A'*-#"$��I 	�� � �%�W� /R�#�W-0¥^' ` @*-0D¨1©� @,¢?� ` /.� �*�A-,D
�*+ROQP�1&+.-�è �#� D(1&pq-01&+.D(S�$&D&S�-0D'&)(CBC+R'21&-,D'*oD ` OQP�),$�p?-,� 'E+.BCBC-,D&1&-0D�¼>�K@E� BC-0'*-,@*D �$+
h[)K���#�&�W-,@A'*-v=^9-, `�` @*1(+.D©�K'*-,D¯kg+RD _a` /.S�-0D&1&-0@o� /./RS�-,BC-,+RD&-,D\® ` @AB²�AOQP&@*-0+.p?-,Dyà

&,(Kh 	�� � �%��ï��-+,k Ií� : �&?h �"¯ï ��(k�I/.BC+R' h[ã(��Ü�k0 I �� � � � 132 I �� � � è 154 I×�� � �6*
�t+.-~¥ ` @A@*+RS�+.-0@A'E-0DÝâ�-,@A'*-7"$��¢g1&+R-�1&+R-4�j� D&1&p?-,1&+RD&S�$&D(S�-,D¡-0@ _ �$&/R/.-0D¡$&D&1£S�/R-,+.OQP(),-,+�'E+RS�1&+R-
S�-0@*+.D(S��A'*-,D +^$©� 1&@*�K'E+R�*OQP&-0D]c#p8ng-0+.OQP^$&D&S�-0D8�C),$41&-0D]S -,BC-,�*�A-,D&-0D]â�-,@ 'E-0D 	Þ� $ _ nY-,+R�*-0Dy¢
nY-,@*1(-,D"1&$(@*OQP�1&+.-�}~+RD&+.BC+.-0@*$&D(Sd1&-,@ _a` /RS�-,D&1(-,D�®©$&D&¥8'E+ ` D³pq-0�A'E+RB�B2'Ëà

9 é I ���:<; J�=> �� � Ü �? : �&?h �"?ï ��(k�¢ h[ã(� ã8k
n ` pq-0+Y1(+.-�}~-,�A� _ -0P&/.-0@�$&D&1�1&-,@A-,DF, ` @*@*-0/Ù�K'*+ ` D(-,D¨1&$&@AOQP«1&+.-m� �NBCBC-0'E@A+.�AOQP&-�, ` �K� @*+.� D&)�9
B��K'E@A+�=�@A; > p?-,@ �$&OQ¥^�*+ROQP^'*+.S 'jnY-,@*1(-,D"$&D(1 �? 1&-0D��W-,¥8' ` @o� ` D"b�� S @E� D&S -v9 }�$&/R'*+.%&/R+.¥ª�K' ` @*-,D
p?-,),-0+.OQP&D(-0'Ë�?���Æ+RB�}~+RD&+.B�$&B 1(-,@j®©$&D&¥8'E+ ` D 9 é#1©�K�ò' ` 'E� /.-��t+ �6-0@*-0D^'*+Ù� / A 9 él� -,@*�AOQP8no+.DN91&-v'Ë¢o-,@AS�+.p('³�A+.OQPípq-0+>��}�-,�*� ng-0@A'*-,Dy¢tBC+R'»è �#�KD&1&p?-,1&+RD&S�$&D&S -,DU$&D&1B*Æ$&D^pq-0¥K�KD&D8'E-,D
¼>�K@E� BC-0'*-,@*D �-+j-,+RD»L���� 'E-,B � $&� _a` /RS�-,D&1(-,D � � è � *6��/R-,+ROQP�$(D&S�-,D6¢�1&� �Y-0�g)0$f/ �` �*-,D�S�+./�'ËàC 9 éC " ë �-�-� � IU� ï C 9 éC ? ë �-�-� D IU� $(D&1 C 9 éC � ë �-�-� E IÚ� h[ã(� ö^k
��� )0$mno+R@*1d)0$&D��� OQP&� 'g-0+.D&-g/.+.D(-Ë� @A-lñÆ�� P(-,@*$(D&S�1&-,@W�j� D&1&p?-,1(+.D&S�$(D&S�-,Dd� ` @*S�-0D ` BCB�-0Dy¢ $(B
1©� D(Df+.Dm-0+.D&-0B�)0nY-,+R'*-,D»LNOQP&@*+�'*':1©� �g��/.-,+ROQP^$&D&S��A�A���A'*-,BÑ+.Dm-,+RD&-j® ` @*B|)0$fp&@A+.D&S -,Dy¢8+RDC1(-,@
-,�j+R'*-,@*�K'E+��fS�-0/<�` � 'lng-0@*1&-0D�¥ª� D&D6�
�t+.-�c�D(%©� �*�A$&D&S»-0+.D&-0�t;�@*-0+.S�D(+.�*�A-,�#+.�A'#-,@ _a` /.S @*-,+ROQPy¢&nY-,D&D4-0+.D&-��A'E� p&+./R-�bY�` �*$&D&SfS�- _ $&D(1&-,D
no+.@A1y¢?� D&� ` D&�A'*-,D�no+R@*1�1©� �#;�@*-,+RS�D&+R�ò��-,@ n ` @ _ -,D6�y��� �j� $&�j1&-0D"� D&S -,%©� �A�A'*-,D¨}~-0�*� ng-0@A'E-0D"$�§p?-,@A-,OQP&D&-v'E- 9 éD � � p?-,�AOQP&@*-0+.p('j1&+R-��\�$('*-�1&-,@oc�D(%©� �*�A$&D&S&�?�t+R-,�*-0@lâÞ-0@A'jS�+.pN'o� Dy¢©+RD³no+R-
nY-,+R'Æ1&+.-»}~-,�A�*S�@ �` ß�-,D , ` @A@*-,¥8'*$&@*-0D�p?-,) �$&S�/R+.OQP«+RP&@*-0@d}~-0�*� _ -0P&/.-0@d-,@ _ � P&@*-0D�B �$(�*�*-0Dy¢>$(B
1&+R-~�j� D&1(pq-01&+.D&S $&D&S�-0D�)0$�-0@ _ �$&/R/.-,D6��®��$&@m1&+R-�LN-,/R-,¥8'E+ ` D�no+R@*1�� /R/.-,@A1&+.D(S��"�$&p&/R+.OQP&-0@AnY-,+R�*-
1©� � , ` D(�&1&-,D&)0D&+R� -Ë� $"h�eòbGF�kÍ� /R�W� �$N'E-,¥^@A+R'E-0@*+R$&B�p?-0'*@E� OQP8'E-v'Ë¢^1©��-,�W1&+R- .t$©� /.+�' ��K'>1&-,@Wc#DN9
%©� �A�*$&D(S»$&D©� p(P��� D&S�+RSC� ` D"1&-0@#c#D&)Ë�KP&/ä1(-,@#®¯@A-,+RP&-,+�'E�*S @E� 1&-�no+R-,1&-0@*S�+Rp('Ë�?�t+.-�c#D&)Ë� P(/§1(-,@H o C �)�JI 6K �c9 F ���.�.� ����) 8	:9���.!.��:;:��R?Q�I":"D�B��:;:�M� ���9��� ���� 
�!.� & !.� � 8	�����.���.� 9 ���<;9�ML$NON AQP!EN 
���*T48JC ��9! C
���a< 9 � ;9:![Z C	8 �SR3���.� C	���":' 7 !.�-
���� ����
 
�!.�Q<�� 9 !.��! 9 !.��9����
�� F ����)	;9!�8	� C �-:�-!�� � �	' 7 ;:� ",!(' 7 �#!�� � 8	��� ;A�T E AVU N 5XW N m P N = EZY /\[]$^ [_ 5 [` D [2�=a A 8 � �>
����>'0� � �AC ���



ã�Ü z�¶���� �Msvu � ��� s	�*��
 ���[·�� �
��� ��
���s �	�Ísv·�
0¶ uwu�� 0�=2 : C �P C �P B =

®¯@A-,+RP&-,+�'E�*S @E� 1&-j-,+RD&-,@Yc�D&%&� �*�A$&D&Sd-,@AS�+.pN'ò�*+ROQP»BC+R':1&-,@láy� P&/?1&-,@Y),$\-,@ _ �$&/./R-,D&1(-,D»�j� D&1(pq-�9
1&+.D&S $&D&S�-0D\è $&D(1�1(-,@jáy� P&/q1&-,@l)0$³pq-0�A'E+RB�BC-,D(1&-,D³¼ä� @E� BC-0'*-,@ *§),$ �;Iíè 0 *M� � ¬#D8'E-0@
1&-,@»c#D&D©� P(B�-K¢ò1©� �A�\1&+.-�� D&S�-0%©� �*� 'E-0DUâ�-,@ 'E-"$&B +.P&@A-,D�� ng� P&@A-,D���â�-,@ '\S8� $&ß _ �` @*BC+.S
��-,@ 'E-0+./R'o�A+.D&16¢&¥ª� D&D�1©� � , ` D(�©1&-0D&),D(+R��-,� $~no+R- _a` /.S 'gpq-0@*-0OQP&D&-0'#ng-0@*1&-0Dyà

��� I �
Ü	��
 é�� h � ��Ü k ��

��������������� �!�#"�����$%� &('*),+.-0/21434576 &(8:9<;%6=?>	@BA?C%D:E�F�G4D2H4D�IKJ%GL>!MND2IPOQOSRTDUM2VXWYG4V R�GZH\[]I^@�_a`�G\D / M�D�F 3 >	D 9cbBdM�VXF�G4DfegF2GL>	hKij>	hPhkF�G\V>	M�@�@ _a`�hPI^G4l%h^IP_a`�G\DnmBD2o�>	@�@ M�D�pqJ%C%DsrUIPp%D�>!hPG4V G4I^p%D�IP@ @�G\DutU[.G4h^_a`�G?F�I^GBp%G\@ RvG\hPhKRvG4DxwT>	D�F2ycG\F�IPD:zp%M�D�p%G\D{G\V i dM�h^hPG4D|tU@ IPD�F}F�IPG]WYG4V R�GBF�G\@~A?C%D2E�F�G4D�H\D�I^J	GL>	M2@~p%hPG\IP_a`�J%G\V R�G4IPhKR 9 mXM�@�F�G\V�mXD�o�>	@�z@�M�D�p�J%C%D���V�G\IPp%D2IP@�@ G4Dut�F�I^G}D�I^_a`�RZF�G\VZmBD�o�>	@�@ M�D�p%@ `#�Uo�C	Rv`2G4@�GxG\D#R�@�o�V G4_a`�G\Dut�V�G\@�M�hKRvI^G4V�G\D`�IPD�p	G4p%G\DN�#h^G4IPD2GZW�G\V RvGqi dM�V?F�>!@�A?C%D:E�F�G4D2H4D�IKJ%GL>!M 9 W�G\V�F�G\D�D#M�DNycG\I�G4IPD2G4O�p%G\p%G4y�G4D2G4D=?>!RvG\D�@v>!R�Hq�XD�RvG\V�p%V M�D�F�G\V�G\IPp%D�I^@�@ G�O}IKR�G4I^D�G4O�r:G4h^G4��RvI^C%D�@ �UV I^R�G4V�I^M�O�F�G4V?mXV R '*)������M�D�RvG4V F�V dM2_a�#R4t�h d>	@ @ Rk@�I^_a`�F�G4V�o�V C%H4G\D�RvM�>	h^G�mBD�RvG\IPh%F2G4V�r:I^p%D�>	h^G4V�G\IPp%D2IP@�@ G	t\F�IPG�G\ycG\D2ij>	h^hP@uF�M2V�_a`F�IPG�p	G4@ R�G4h^h^RvG���G4F�I^D�p%M�D2p]J	G4V�[�C%V�i�G4D*[�G\V�F�G\Dut�H4M �c� >	y2@�_a` d>!R�H4G\D 9 =�IPG�mXD�o�>	@ @�M�D�pTF�G\VuJ%C%V�z@�G4h^G4��RvI^G4V�RvG4Df�Q�\zgA�>	D�F�I^F�>!RvG\D,V G4@�M2h^RvI^G4V�RvG*IPDfG\IPD�G\V '*) z���G4V�RvG4I^hPM�D2p�t�F�IPG�IPD�G4IPD2G4O [�G\I^R�G4D��G4V G4IP_a`sD�>	`2G4H4Ms¡¢>	_a`xJ%G\V RvG\IPhKR]IP@ R]M2D�F,H\M,£TM�hPhu`2IPDx@�G\`�VX@�Ra>	V �¤>	D�@�RvG\IPp	R 9 ��V�G4I^p%D�I^@�@�G�OQI^RG4IPD2G4O¥@�G\`�V��#hPG\IPD�G\D '*) hP>	@�@ G4Dn@ IP_a`nD#M�V.@�_a`�h^G4_a`�R]M�D�RvG\V�F�G\V~�n¦� : §f¨© §f¨©%ª ¦u«]�UocC	R�`�G4@ G>	D�o�>	@ @�G\D�M�D�F�[]M�V F�G4D�F�M�V�_a`�G\IPD�G\D�r:_a`2D�I^R R '*)¬®3�/ �U¯ t°F2G4V*IPD�G�Rg[~>�G4IPD2G4O±��G4V hPM�@�RJ%C%D /21K3�� F�G\VBrUIPp%D�>!hPG4V G4I^p%D�IP@ @�GXG4D�Rv@ o�V�I^_a`#R4t�J%G4V�[�C	V i�G4D 9
bBdM�Vq[�G\I^RvG\V�G,�XD�RvG\V�@�M2_a`UM2D�p%G4D²M�D�F�F�IPG�wTG4>	hPI^@�I^G4V�M2D�pYH\M�@ d>³RvH4h^IP_a`�G\V¤r:G\hPG\�#R�IPC%D2@��#V�IKRvG4V IPG\D[]M�V�F�G\D}F2IPG~y�G4I^F�G4DQ§f¨© : ª�´cª � z°µ|G\V i d>	h^hPG.G4IPD2G4@c¶ G4F2G4D}�Q��z�A�>	D�F�I^F�>!R�G4D�D�CU_a`�O}>	hP@�>!D�p%G�zo�>	@�@�RLt2[.C%y�G4IcF�IPG�V G4@ M�h^R�IPG4V G4D�F2G?§f¨© z�·�>	@�@ G?�	G4I^D�G4V¸µc[~>	D2p%@�y�G4F�I^D�p%M�D2p�M�D�RvG4V�[�C	V i�G4Dx[]M�V�zF�G	t�@ C%D�F�G\V�D�D#M�V*F�I^Gq��G4F�I^D�p%M�D2p�G\IPD�G\@�p%G\O}G\IPD�@�>	OQG4D���G4V�RvG�¹NF2G4V�ycG\IPF�G\D ª ¦�z�·�G\@�C%D2G4Dp%G4@�RvG4h^h^R�[]M�V�F�G 9 =�G4@�[�G\I^R�G4V�G\D�[]M�V�F�G\DºF2IPGn�q�\zgA*>!D�F�IPF�>!RvG\D»M�D�RvG\VZJ%G4V @�_a`�I^G4F�G\D�G4D¼·,>	@�z@�G4D#y�G4F�I^D�p%M�D2p%G4Dx>	D2p%G4o�>!@�@ R4½�µ|M2O�G\IPD�G\D}[]M�V F�G�F�I^G�·�>	@�@ GBF�G\V~�q�\z�A�>	D�F2IPF�>!R�G4D}>	M2i�F2G4DW�G\V R~E2¹:I^G4V R4t�F�G\V¸@�IP_a`x>!hP@]r:_a`�[.G4V o�M�D���RXF�G4@T�q��z�rUIPp%D�>!hP@�I^O¾·,>	@�@ G4D�@ ocG\��RvV�M2O�F2G4V¸C%`�D2G·,>	@�@ G4D#y�G4F�I^D�p%M�D�pZ>	D�p%G\o�>	@�@�RvG\D¤�q�\z�A�>	D�F�I^F�>!R�G4DqG4V p�>	y 9 µ|M�O¥>	D2F�G4V G4D{[]M�V F�G4D}i dM�V�G4IPD2G
¼¿>	V�>	O}G�RvV IP@�I^G4V M�D�pqF�G4@X�XD�R�G4V�p	V�M�D�F2G4@XJ	G4V @�_a`�I^G4F�G\D�GQ·,>	@ @�G4D�[.G4V�RvGZI^D�F�G\V�rUG4I^R�G4D#y�>	D2F�V�G�zp%IPC%D¤F2G4@Br:IPp%D�>	hP@�i dM2V¸F�IPG*·,>!@�@�G\D#ycG\F�IPD�p	M�D�p & @�IPG\`�G�mBy�y2IPhPF2M�D�p�À 9K3�/�6 p%G�[ d>	`�hKR 9
Á]Â�Ã¸Â�Á ÄTÅ�Æ�ÅkÇ¸È�É�Ê�Ë�Ì.Ê�ËÎÍ�Ï�Ð+ Ñ Í�Ð+ÓÒ
�Q��z���V�G\IPp%D�I^@�@ G¤O}IKR�G4I^D�G4OÔegOQo�M�h^@ZJ%C%D�[.G4D�I^p%G4VQ>	h^@QÕ 1 À�Ö�Gj�k×	Ø}[]M2V�F�G\D¼>	M2i�p	V�M�D�FÓF�G\V�XD�RvG\V�p%V M�D�F:z<¼�V C%y�h^G4O}>!RvI^�By�G4I�D�I^G4F�V IPp%G\D*egOQo�M�h^@�G\D�y�G4V G4I^R�@�IPD*G4I^D�G4OÙi�V dM�`�G\DZrURv>	F�I^M�O�F�G\V��C%V�@ G4hPG\��RvIPC	DqJ	G4V�[�C%V�i�G4D 9 �TOIPOÚegO}o�M2hP@�z�egD�RvG4V�J!>	hPhUJ%C%D{Õ 1Û; Ö?G(��×	Ø�y�I^@Ü_4> 9�821Û; Ö�Gj�k×	Ø�F2G4D

Ý�Þkßà�áÜâ�ãåäTæ�ç�è³é\ê(ê(à�ç�ë?â�ä á (�ì+ " �.-/�'0#íïî ä�á ; ãÛð�ä�ê�ñ~ã ;�ò é�ê�êjä çLó!ä�â�ãåç³ë�à�ç�ë�ó	ä�á�ä ô 7 ç³ä ; ê(ãÛô 7 â�ãÛäBõ%é 7³öâ�ä�á Þ á�ä�ã 7 ä�ã ; ê(ë�á�é�â�ä�÷�ãÛäcø 8 ö ë ; ù�ò ã ; â�ä�ç°ú�ä�÷|ä�ã ö ê:ð ÷cä ã î ä�á ; ä�û í ? é�ç³â�ó	ä â�ãÛç�ë�à³ç�ë�ä ç.â�ä á2ó	ä�ã<â�ä ç @ ã 8 ç í7ü è�à�á�ä�çà³ç³â�â�ä á ò é\ê(ê(ä�ç í ? é�ç³â�ó	ä â�ãÛç�ë\à�ç�ëkä á(ë\ä�ó	ä�çÜê(ãÛô 7 ãÛç³ê(ë�ä�ê(é�ñ ;2ý%þ<ý³ÿ������ ? é�ç³â�ó	ä â�ãÛç�ë�à³ç�ë�ä ç��	�°é�ô 7 æ�ó�ð�à³ëâ�ä�á�â�á(ä ã�ð�à*ó	ä ê ; ãÛñ~ñ~ä�ç³â�ä ç ? é�à�ñ�
 8�8 á�â�ãÛç³é�ç ; ä�ç*â�ä ê î ä�á ; ä�û��ä�á�ó ö ä�ãÛó!ä ç�ð�÷|ä�ã Þ á(ä ã 7 ä ã ; êjë\á�é\â�ä����|ä�ã�â�ä áæ�ç�è³é\ê(ê(à�ç�ëSâ�ä ê����� " (�ì+ (�ì+ � � íPî ä á ; ä�ûq÷|ä�á�â�ä�çQâ�á(ä ã���é�ç³â�ã<â�é ; ä�çQé�çQä ãåç�ä çQë\ä�ñ~ä�ãÛç³ê�é�ñ~ä�ç î ä á ; ä�ûé�ç�ë�ä è³é�ê�ê ;A& ÷ 8 á�é�à³ê�� þ�ý���� ? é�ç³â�ó	ä â�ãÛç�ë\à�ç�ë�ä çZá(ä�êjà ö ; ãÛä�á�ä�ç��:ækó³ð ßà�ë ö ã<ô 7 â�ä�á�â�á(ä ã ? é�à�ñ�
 8�8 á�â�ãÛç³é ; ä�çâ�ä ê î ä�á ; ä�ûXä á(ë\ãåó ; ê(ãÛô 7 â�ãÛä.õ%é 7³ö â�ä�á Þ á(ä ã 7 ä ã ; êjë\á�é\â�ä¿ð�à ��� � � ���



���������	��
����������������� 8	8�	C	OZy�IPD�>!RvC%V IP@ _a`�G4D¤�TD�RvG4V p%V�M2D�F¤H4M¤V G4F�M�H\IPG\V�G4D|t:[]M�V F�G�F�I^GB��G\F�IPD2p%M�D�pZp	G4@ R�G4h^h^RLt#F�>!@�@~F�I^Gp%G�i�M�D�F�G\D�G4D��q�\zgA*>!D�F�IPF�>!RvG\DS>	M2@°F�G\O µ|G4V�ij>	hPh����g¦� : �n¦��� @ Ra>!O}OQG4D 9 w]M�D�F�� � � F2G4V�IPDØ Øaz b V�>	p%OQG4D�Ra>³RvIPC	D�@�zg��V G4I^p%D�IP@ @�G\DYJ%C	V��	C	O}OQG4D�F2G4Dº�Q��z�·�G\@�C%D�G\Dº`�>	ycG\D�IP`�V G4D��XV @�o�V M�D�pIPD,F�IPG\@�G4O�µ|G4V�ij>	hPh 9 µ|M�V�mBD�[.G4D�F2M�D�psF�IPG\@�G4@BH4M�@ d>!RvH\hPIP_a`2G4DYr:G4h^G4��RvI^C%D�@ �UV I^R�G4V�I^M�OQ@T[]M�V F�G4DH4M2D d>	_a`�@�R�F�I^G��!�g¦� : �n¦�"� µ|G4V�i d>	hPh^G�F�M�V _a`,G\IPD�G*A?C%OZy�I^D�>!R�IPC%DnF2G4V]J%C%V @�G4h^G4��RvI^G4V�RvG4D,�q��zA�>	D�F�I^F�>!R�G4DfOQI^R]F�G\D�IPO ��V�G\IPp%D2IP@Tp%G\i�M�D2F�G4D�G\D$#�`�C	RvC	D�G4DfV G4�!C%D�@ R�V�M�I^G4V�R 9 =�I^G�`2IPG4V H4M�IPD
b Vv>	p	G?�	C%OQO}G\D�F�G\D%#�`�C	R�C%D�G\Ds[]M�V F�G4Ds[]IPG?i�C%h^p	R¸@�G\hPG\�#R�IPG\V RL½

& =�G\Vx��D2G4V�p	IPG4G\IPD�RvV�>	p�F�G\@'#�`�C!RvC%D:zgA�>	D�F�I^F�>!RvG\D IPO G4hPG\��RvV�C	O{>	p	D�G\R�IP@�_a`2G4D²A�>	hPC%V IKzOQG\R�G4V�F�>!V i��	G\IPD�G\V�p%G\hï>	F�G\D�G4DNrUo�M�V�H\M�p%G4C	V�F�D�G�R?[�G\V�F�G\D � dC	D�D�G4D 9 =�IPG�F�G4o�C%D�I^G4V R�G��D�G\V�p%I^G*OSM�@�@]OQG4`�V]>	h^@ ;	/ ·sG(�y�G\R�Vv>	p	G4D 9
& =�G\V]J	C%DfF�G\O)(°G\IPh^_a`�G4D�IPO A�>	h^C%V�I^O}G�RvG\V�J%G\V�M�V @v>	_a`�RvG�G\hPG\�#R�V�C%O}>	p%D2G\RvI^@�_a`�G�r:_a`�>	M:zG\VSOZM�@ @ZF�V G4IÜC:F�G\VSOQG4`�VSA?V�IP@�Ra>	h^hPG�M�Oqij>	@ @�G4D 9�b dM�V*F�>	@�H\[.G4IKRvGxr:_a`�>	M�G4V O}C	O}G\D#R4tF�>!@~F�IPGThï>³RvG4V�>	hPGX��D�G4V p%IPG�J%G\V RvG\IPh^M�D�pZI^O G4hPG\��RvV�C	O{>	p	D�G\R�IP@�_a`2G4Dxr:_a`�>	M�G4V�ycG\@�_a`�V G4IPy:RLt[]M�V F�G*G4IPD¤WYG4V�RTJ	C%Dx[�G\D�IPp%G\VT>	hP@ /21å/%/%8 p%G�i�C%V�F2G4V R 9& =?>	@�#�`�C	RvC	D�F�>	V i]D2IP_a`�R�>	M2@ZG4I^D�G4O ª ¨ : �*� µ|G4V ij>!hPh�@ Rv>	O}OQG4D 9 µ|M�O+(�G4@�R�F�IPG�z@ G4@*A?V�I^R�G4V IPM�OQ@X[]M�V F�GQ>	M�@?F�G\D,#�`�C!RvC%D:zgA�>	D�F�I^F�>!RvG\Dut|F2IPGZF�I^G�G4V @ RvG\DYy�G4I^F�G4DN��G�zF�I^D�p%M�D2p%G4DÓG4V�i dM�hPh^G4Dut�F�M2V�_a`�mXF�F�IKRvIPC	DÓF2G4V � z���I^G4V�G\V J	G4��RvC%V G4D ª ¨ z�A�>	D�F2IPF�>!R�G4D�G4V�zH\G4M�p	R 9 #�`�C!RvC%D:zgA�>	D�F�I^F�>!RvG\Dutk>	M�@*F�G\D�G4D»@ IP_a` ª ¨ z�A�>	D2F�IPF�>³RvG4DNOQI^R�G4I^D�G4O±egOQo�M�h^@J	C%DZOQG4`�V°>	hP@ 8�;	/ ·sG(�k×!Ø�I^O.- & À�/ 6 z�rU�U@ R�G4O�M�D�FSG4IPD2G4V¿·,>	@�@ G~IPD2D�G4V `�>	hPy*F�G\@¿egD�RvG\V�zJ!>	h^hP@10 2�3�354!2!68790�: Õ;��·�G(��×%Ø � y�IPh^F�G4DqhP>	@�@ G4Dut%[]M�V F�G4D}D�IP_a`�RÜH4M2V�w]G4�!C%D�@ R�V�M���R�IPC%DJ	C%D,� �g¦� : � ¦�<� µ|G4V�i d>	hPh^G4DnJ	G4V [.G4D2F�G\R 9& =�I^G���D�G\V�p%I^G�F�G\@=#�`�C	RvC	D�@,I^O rU_a`#[.G4V o�M�D���R�@ �#RvG\O F�G4V>- & À�/ 6 z�w]G4@ C%D�>	D2HYOZM2@�@p%V dC%l%G\V]>	hP@ 3�/	/ ·�Gj�@�G\IPD 9=�IPG�r:G\hPG\�#R�IPC%DsF�G\V�¶ G4D2IPp%G\Df�q�\z�A�>	D�F2IPF�>!R�G4Dut�F2IPG*>	M�@TG4I^D�G4O �!�g¦� : �n¦�"� µ|G4V ij>!hPh�@ Rv>	O�zOQG4D�� dC%D�D�RvG\Dutu[]M�V F�G�@�_a`�h^IPG\l%hPI^_a`,F�M�V _a` G4IPD2G4DYr:_a`�D�IKR�R�>!M2iÜF�IPGS�!�� �q��z�·,>	@ @�G4D2F�I@?cG4V G4D�HV�G4>	hPI^@�I^G4V R 9 =�IPG\@]IP@ RT@ IPD�D�J%C	hPh�t2F�>}F�>!@B�!�� z�r:IPp%D�>	huIPDsF�G\V�·,>!@�@�G\D�F�IA?|G\V�G4D2H�z���G\V R�G4IPh^M�D�p�t¢F�I^GD#M�V�F�M�V _a`YF�I^GQ·�G4@ @�p%G\D�>	M�I^p%�	G\I^R*F�G\VB#�`�C!RvC%D�G\D ycG\@ RvI^O}O�R?IP@�RLtuG\IPD�G�y�G4@ @�G4V G}mXM2¡ dC%@ M�D�p>	M2i7[.G4I^@ R~>	hP@�F�>	@�r:I^p%D�>	h�I^D}F�G\V~·�>	@�@ G4D:z���G4V R�G4I^hPM�D�p�F�G4V��!�� z�A�>	D�F2IPF�>!R�G4D 9 mXy�y�I^hPF�M�D2p 829 ÀH4G\IPp	R]F�>	@T�!�� zg�q��z�·,>!@�@�G\D�F�IA?|G\V�G4D2H�z�rUocG\�#R�V�M�O 9C y�[�C%`2h|F�I^GB��G\F�IPD2p%M�D�p�tUF�>	@ @~F�>	@��q��z�·�G\@�C%Dx>!M�@�G\IPD�G\O¾���g¦� : �n¦� � µ|G4V�ij>	hPh¢@�Ra>	OQOSRLtF�I^G r:G4h^G4��RvI^C%D�@�z��EDQH4IPG\D�H�@ Rv>	V��ºG4V D�IPG\F�V�I^p	R"F V M�D�FG� /�� F�G4VsrUIPp%D�>!hPG4I^D�RvV d>!p%Gs[.G4V F�G4DF�M�V _a`¤F�IPGB��G4F2IPD�p%M2D�p�J	G4V [.C%V�i�G4D�F G\V�O dC%p%hPI^_a`�R.@ IPGTF�IPGH#�V d>	o�>!Vv>!R�IPC%D}G4IPD2G4@�@�>	M�y�G4V G4Dsr:I zp%D�>!hP@]ycG\Ik�Uh^G4I^D�G4D�egO}o�M2hP@�G\D 9 ��G\I°�q�\zgA*>!D�F�IPF�>!RvG\D�`�C	`�G4D�egO}o�M2hP@�G\@ &JI*K ��L 8:1<; Ö�Gj�k×	Ø 6IP@�R]¶ G\F�CU_a`»F�G4V*mBD�R�G4IPh��!C%OZy�I^D�>!RvC	V�IP@ _a`�G4D��XD�RvG\V�p%V M�D�F�G\@S[.G4I^Rv>	M�@��Uh^G4I^D�G4V�M�D�F�G4IPD2Gnr:G�zhPG\��RvIPC	DÓ�³>	D2DÓC	`�D�GxF�IPGx���� zg��G4F2IPD�p%M2D�p GMDQH4I^G4D�RvG\VQF2M�V�_a`�p	G\i dM�`�V�R}[.G4V F�G4D 9 =�G\V�p%G4D�>	M�GegOQo�M�hP@�[�G\V RSy�IP@�H4M»F�G\O F2IPG4@ G4@Zr:G4h^G4��RvI^C%D�@��#V I^RvG\V�I^M�O±@�I^D�D�J%C%h^h.I^@ R*[]M�V�F�G{IPD�F2G4VS@ o d>!R�G4VF�M�V _a`�p%G�i dM�`�V R�G4DfI^D�RvG4V�>	��RvIKJ%G4D C o2RvI^O}I^G4V M�D�pZF�G\VXr:G4h^G4��RvI^C%DxycG\@ RvI^O}O�R 9



8 À ����� � � ��� ����� ��� ��� ��� 
������ �����
	������E��
� � � � � � ¦� : § ¨© § ¨© ª ¦

]
2

) [GeV/cS*,DS m (D∆
0 0.05 0.1 0.15 0.2 0.25

2
en

tr
ie

s 
/ 2

.5
 M

eV
/c

0

100

200

300

400

500

600

mBy�y�I^hPF�M2D�p 829 À2½.� ���� �q� ����������������� �!��"��#�%$&��'(�#)+*,"�-/.10324�5�768�9':������-;�%<=�#� ���#"?>@�%-/ACBD-/�%)E�
*F�,GH�I�;�=�E�;�KJE� <9�L� 4 .7��*M':�;"��ON%G 4 � ��PRQ���"KS(�;"��;.T�U*F"V�W�V�,�#"&-/�%<X�O�#�XY!��*Z�#"R<9"�-/�+���[�#"V<C�ZN%*\�#�]�
���^���;�V���#�+���W�:�#"��#�O$`_ 2 a &�3 À%À 1 ��b /21Û8%6 ·�Gj�k×%Ø � -/���c�#� ���ed3"��#��*Z�gfHGU�Ih a & � 1 �ib

/21Û8%6 ·sG(�k×%Ø � 8Á]Â�Ã¸Â5j k Å�ÉgÈ2Å!l�Ånmol¢É�È�Å!l¢É�Å�Ëqp?Å!lsrNÊMlLt2Å�Æ�ÅkÇ~È�É�Ê.Ë

bBdM�V�[.G4I^R�G4V GX�TD�RvG4V @�M�_a`#M�D2p%G4D¤M�D2FQF2IPG¸mBD�[.G4D�F2M�D�pS[.G4IKRvG4V G4V.r:G\hPG4��R�IPC%D�@ @�_a`�V I^R RvG¸[]M�V�F2G4DF�IPGÜV�G\hPG\J!>	D�R�G4D�=?>!R�G4D�F�G4V°�q�\z�A�>	D�F�I^F�>!R�G4D*IPDSG\IPD�G\O w C C (�z (�V�G4G - w]C / Õ 5 H4M�@�>	OQO}G\D�p%G�zij>	@�@�R 9 �TO¾F2IPG?=?>!R�G4D�OQG4D2p%G�>	M:ikG4IPD¤`�>	D�F�`�>!y�y�>	V G4@T·,>	lSH4MxV�G\F�M�H4I^G4V G4Dn[]M�V F�G4Dx`�I^G4V�y�G4IF�IPG�i�C%h^p%G4D2F�G4D�r:G\hPG4��R�IPC%D�@ ycG\F�IPD2p%M�D�p%G\D�p	G4@ R�G4h^h^RL½
& =�IPG�·,>	@�@ G�y�G4I^F�G4V~§f¨© z�A�>	D�F2IPF�>!R�G4D¤OZM2@�@¸IPD2D�G4V `�>	hPy¤G\IPD�G\@TÕ / ·�G(��×	Ø � y2V�G4IKRvG\DsegDUzRvG\V J!>	hPh^@~M�O F2G4DxW�G\V RTF�G4V]p%G\O}G\@�@ G4D�G\Df§ ¨© z�·,>	@�@ G&uXhPIPG\p%G4D 90 2!6Hv96;w 4 2gx 7��y

� z|{~}
0�: 3�/ ·�G(��×	Ø � &(8:9 � 62 6Hv96;w IP@ R�`�I^G4V ycG\IUF2IPG.·,>	@ @�G�F2IPG�@�I^_a`Z>	M�@kF�G\V���G\V R�G�¹2>	D�o�>!@�@�M2D�p?O}IKRkF�G4O�� ��� � � � z

b I^R RvG\V~G4V p�>	y 9& =?>	@�A�C	D2E�F�G\D�H4D�IKJ%G4>	M ycG\IPF�G\V,§f¨© z���G4V�RvG�¹#z�mBD�o�>!@�@�M2D�p%G4D OZM2@�@fp%V dC%l%G\V,>	h^@ 3L/ � �@�G\IPD 9& =�IPG
��G4y�G4D2@�F�>	M2G4VfF�G\V�y�G4I^F�G4DÙ§f¨© zgA*>!D�F�IPF�>!RvG\Dut¸F�IPGN@�I^_a`�>	M2@�F�G\O V d>	M2O}h^IP_a`�G\DmBy�@�Ra>	D2F _7� F�G4@s§f¨© z�µ|G4V�ij>	hPh^@ J%G\V R�G�¹:G4@¤H\M�O �q��z�µ|G\V ij>	h^hP@�J%G4V�RvG�¹|t�F 9 ` 9 F�G4O §f¨© z�z#�V�CUF�M���RvI^C%D�@ J	G4V�RvG�¹ct³M�D�F�F�G4O�egOQo�M�h^@
I

xE7� y�G4V G4_a`�D2G4D�h d>!@�@ R4t�OZM�@ @°p%V dC%l%G\V°>!hP@ 3%1 � ��R� ãåä (�ì+ íïò é\ê(ê(ä�÷�à�á�â�äÜâ�à�á�ô 7 â�ãåä�ækç�è!é�ê�êjà�ç³ë]ä�ãÛç�ä�á�� 8 á(ä ç ; ð 
Là�á ��ä�é�ç�â�é�ê (�ì+ í�ü ãÛë�ç³é ö ãÛñ �.- �'0UíPíò é�ê�êjä ç³êjè	ä 
 ; á(à�ñ�ð à��~������� � � � Ð���� � �I=�ò ä î����D� ó!ä�ê ; ãåñ~ñ ; � � ä�á:�Sä�á ; ä�ç ; ê(è�á�ãÛô 7 ; ãåçBä ; ÷ué~â�ä�ñ�� 8 ç�â�ä á
@ é�á ; ãÛô ö ä � é ; é��¿á 8 à�è�� @ � � = ��ä�á ß8�� ä�ç ; ö ã<ô 7 ä�ç���ä á ;!�4�:� � �~����� � � � ý Ð7�U� � � =°ò ä î��#�D��� @ � � ����  �



���������	��
����������������� 8%;F�G\V]O}IKR�Rvh^G4V G4Dx§ ¨© zZ�kG\ycG\D�@�F�>	M�G4V]@ G4IPD 9
3Ø����
K �

� Ø��[a 3Ø����
K �

�
_7� � 2 � Ø

I � 3%1 � � y2H\[ 9
_7�

I ��/21^3 Ø 2 � Ø &j829 � 6£TG4y�G4D�G4I^D�G4OÎp%V C%l%G4D�mBD�RvG\IPh�F2G4@Z�!C%OZy�I^D�>!RvC	V�IP@ _a`�G4D»�XD�RvG\V�p%V M�D�F�G\@�M�D�RvG4V F�V dM2_a�#RF�I^G4@ G���G4F2IPD�p%M2D�p¤>	M�_a` ��V G4IPp	D�IP@ @�GZ>!M�@BF�G\V?�XD�R�G4V�p	V�M�D�FUz�w]GL>	��RvI^C%D��!� & Õ /23L/�6 ¦���{¨ ª ¦	� §f¨© ªk´�ª � ª ¦¿t³F�IPGÜ@�I^_a`�>	h^@ d�TycG\V�` dC%`#M�D2p?ycG\I:G\IPD�G\V�·,>	@ @�G�J	C%DqÕ 1å/23 Ö?G(�k×!Ø �I^O ·�>	@�@ G4D�@ ocG\�#R�V�M�O F�G4V?�q��zgA�>	D�F�I^F�>!RvG\D,H\G4IPp	G4D 9 =�G4VT��G4V R�G�¹,F�G4@�>!M�@BF�G\O �}¨ zµ|G\V ij>	h^h�@ Rv>	O}OQG4D2F�G4D ª ´ ª � z #°>%>	V�G\@4t�F�>!@�I^DYF�G\V*wTG\�	C%D�@�RvV M���RvIPC	D�>	hP@�§ ¨© z�·�G\@�C%Di�G\`�hPI^D#R�G4V o�V�G�RvIPG\V R~[]I^V�Fut2hPIPG\p	R¸y�G4I�F�I^G4@ G4V]w]GL>	��RvI^C%Ds>	M2i�p%V M�D�FxF�G\VTI^O���G\V�p%h^G4I^_a`sH\M�V§ ¨© zZ��G4y�G4D�@ F�>	M�G\VQ@ G4`�Vq�#M�V H4G4D ��G4y�G4D�@ F�>	M�G\VqF�G4@Q� ¨ z�·�G4@ C%D�@q@�G\`�V�D�>	`Ó>	OÎJ%G\V�zOQG4I^D#R�hPI^_a`�G4D �q�\z�µ|G\V ij>	h^hP@�J%G4V�RvG�¹ 9 £XC	Rg[.G4D�F2IPpxIP@�R�F�IPGq=�G\@�G4h^G4��RvI^C%D F�IPG\@�G\V���V G4IPp	D�IP@�z@ G	t�[�G\IPh�F�>	@�� � z�r:IPp	D�>	h�I^O�§ ¨© § ¨© ª ¦ z�·,>!@�@�G\D�@�o�G4��R�V�M�OÎF�M�V _a`�F�I^G}>!M2i�p%V�M2D�FYF2G4VD�I^_a`�R�H\MYJ	G4V�D�>	_a`�h d>!@�@�I^p%G4D2F�G4Dc��G\ycG\D�@�F�>!M�G4V*F�G4@��{¨ z�·�G4@ C%D�@*M�D�H\M�h d>	@ @�I^p%GqmBD�o�>!@�z@ M�D�p¤G4I^D�G4@Bp%G4OQG4I^D�@v>	OQG4Df�Q��z���G4V�RvG�¹2G\@?� dM�D�@ R�hPI^_a`,J%G\V�y�V G4I^R�G4V�R?[]IPV�F,M�D�F�F�>	F2M�V�_a`mXM�@�h d>	M2i�G4VTF�G\@?r:I^p%D�>	h^@¸y�IP@]IPDsF�I^GZr:I^p%D�>	h^V�G\p%IPC%D¤F2G4@X� ¦� � § ¨© § ¨© ª ¦ z�µ|G4V ij>!hPhP@¸V G4I z_a`�G\D 9 =?>	@*·,>	@ @�G\D�@�o�G4��RvV M�OÎF�G4V?J%C	V�@�G\hPG\�#R�IPG\V RvG\D»�q��zgA*>!D�F�IPF�>!RvG\DNI^D mBy�y�I^hPF�M2D�p
829Û;�& V G4_a`�Rv@ 6 [�G\IP@�R�H\[�>	V?D�CU_a`�G4IPD2GZhPG\IP_a`�RvG d�TycG\V�` dC	`UM2D�pxIPDfF�G\V?�!� & Õ /23�/�6 ¦�·,>	@�z@ G4D�V G4p%I^C%D¼>	M:i�tÜF2C:_a`¼I^DºD�>	_a`2i�C%h^p%G4D�F2G4D rUG4hPG\��RvIPC	D�@�@ _a`�V�IKR�RvG\D�[]IPV FºF2IPG4@ G4@{�XD�RvG\V�zp%V M�D�F�@ IPp%D�>	h|J%C	hPhP@�R d>	D2F�IPp�G\hPIPOQIPD2IPG4V�R 9& �TO [.G4IKRvG\V�G���V G4I^p%D�IP@ @�GS>	M�@TF�G4VBwTG4>	��RvIPC	D,�!� & Õ /23L/�6 ¦	� �{¨ ª ¦�� §f¨© §f¨©Xª ¦NH4MM�D�R�G4V�F2V dM�_a�!G4Dut¸[]M�V F�G�H4M�@ d>!RvH\hPI^_a` H4M F�G4Vn§ ¨© zD��G4y�G4D2@�F�>	M2G4V�zg��G4F2IPD�p%M2D�p�t�F2IPG���G�zF�I^D�p%M�D2p p%G4@�RvG4h^h^R4tXF�>!@�@�F�I^G�·,>	@ @�G\D�F�I@?cG4V G4D�H & 2gx 7� x 7� 6�
 4 2gx 7� x 7� 6 p	V dC%l%G\Vf>	h^@
3�;!/ ·sG(�k×!Ø � @�G\IPD�OZM�@ @ & =�I^G�� � & Õ /23�/�6 ¦ � ¨ z�·,>	@ @�G\D�F�I@?cG4V G4D�H�y�G\R�V d>	p	R 3 À ; � À�·sG(�k×³Ø � 6�9& �q�\z�A�>	D2F�IPF�>³RvG4DQOQI^RÜG4I^D�G4O egOQo�M�h^@ÜJ	C%D{[.G4D�I^p%G4V�>	hP@�Õ 1 � Ö?G(��×	Ø¸IPO�r:_a`�[.G4V o�M�D���R z@��:@�RvG\O�F�G4V - & À�/ 6 zgwTG\@�C%D�>	D�HSO dM�@ @�G4D�OQI^RXG4I^D�G4O #�`�C	R�C%D:z�A�>	D2F�IPF�>³RvG4D�H4M�G\IPD�G\O� �� z�A�>	D2F�IPF�>³RvG4D��!C%OZy�I^D�IPG\V R�[.G4V�F2G4D¼� dC%D�D2G4DutÜF�G4@ @�G\D ·,>	@ @�G4D2F�I@?cG4V G4D�H�H4M�O M�V�z@ o�V dM�D2p%hPI^_a`�G4D��q��zgA*>!D�F�IPF�>!RvG\D�M�O [�G\D�IPp	G4VZ>!hP@�Õ / ·�Gj�k×%Ø � J%C	OÔ·,>!@�@�G\D�@�_a`�[.G4V�zo�M2D���R¸F�G4@~�!�� z�r:IPp	D�>	hP@�I^O¾���� zg�q��z�·,>!@�@�G\D�F�IA?|G\V�G4D2H�z�rUocG\�#R�V�M�Ost�F�>!@�IPD{mBy�y�I^hPF�M2D�p
829 ÀNp%G4H\G4IPp!R}I^@ R4t�>	y�[�G\IP_a`�R 9 =�IPGx=�IA?|G\V�G4D2HxJ	C%D Õ /  � � G4D�Rv@ o�V�I^_a`�RnIPDÓG\Rg[�>YF2G4VF�V G4IKij>	_a`�G4D,rURv>	D�F�>	V F�>	y�[.G4IP_a`#M�D2p h F�G4@X�!�� z�r:I^p%D�>	h^@ 90 2gxE7� xE7� 6�
 3 4 2gxE7� xE7� 6�
 4 3 À%À 1 ��·�Gj�k×%Ø � 0�: Õ / ·�Gj�k×%Ø � &j829 � 6
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(�G4I^hP_a`�G\D�`��:o�C	R�`�G4@ G4D�A�>	C%Dut #�I^C%DYM2D�F #�V�C!RvC%D 9 mXy�` d>	D2p%IPp¤J%C	OÎp	G4OQG4@�@ G4D�G\D»egO�zo�M2hP@sF�G4@�ycG�RvVv>!_a`#R�G\R�G4D A�>	D�F�I^F�>!R�G4D [.G4V F�G4D�F2IPG4@ GNW�>	`�V @�_a`�G\IPD�h^IP_a`��!G4IKRvG4DÙF�>	D�D
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µ|M�V C o2R�IPOQIPG\V�M�D�pQF�G\V�r:G4h^G4��RvI^C%D�[]M2V�F�GZG\IPD�G�G\J	C%hPM2R�IPC%D d>	V�GSrURvV�>!RvG\p%IPG�J%G\V [.G4D�F2G\R 9 =�I^G4@ G·�G\R�`�C:F2GXG\D#R�@�o�V IP_a`�R¸I^O [�G\@�G\D#R�hPI^_a`�G4D¤F�G\V.mXM2RvC	O{>!R�IP@ IPG4V M�D�p�F�G\V.O}>	D#M�G4h^hPG\DQ��C%V p%G4`2G4D�@�z[�G\IP@�G!t:y�G4I¢F�G\V.F2M�V�_a`{[]I^G4F�G\V�`�C	h^RvG]mXD�o�>	@ @�M�D�pSF�G4V~r:G4h^G4��RvI^C%D�@��#V I^RvG\V�I^G4DQM�D�Fn�.G4M�V�RvG4I^hPM�D2pF�G4V]w]G4@ M�h^Rv>!RvG�F2IPG*Ö dM2RvG�F2G4VTr:G\hPG4��R�IPC%D¤I^D#R�G4V�>	��RvI^J{C%o2R�IPOQIPG4V�R.[]I^V�F 9 =�IPGB��G\V [.G4D�F2M�D�pQG4IKzD�G4@~�#hP>	@�@ IP@�_a`2G4DsÖ?Vv>	F�I^G4D�RvG\D�>	y�@�RvI^G4p%@�J%G4V�ij>	`�V G4D�@¸I^@ R~G\ycG\D2ij>	h^hP@�J%C%V @ RvG\hPh^y�>	V 9 mBh^hPG\V�F�I^D�p%@ÜIP@ R`�IPG\V�y�G4I%F�I^GÜÖ�G�ij>	`�V\t�F�>	l]F�IPG�mXD�o�>	@ @�M�D2p�>	D�@�Ra>!R R�IPOÙp	hPC%y�>!hPG4D C o:RvIPOSM�OÙI^D*G\IPD�G\O�hPC	�!>!hPG4D£XG4y�G4D2O{>³¹:I^OZM�O �!C%D�J%G\V�p%I^G4V R4t�[�G\I^Ra>!M�@]p%V dC%l	G4V]>	h^@¸ycG\I�G4IPD2G4V¸G\J	C%hPM:RvIPC	D d>	V�G\D�rURvV�>!RvG\p%IPG 9mBhP@.[�G\I^RvG\V�G C o2R�IPC%Dn[]M�V F�G?F�I^G�r:G4h^G4��RvI^C%D¤OQI^R¸«TIPhKi�GBG4I^D�G4@¸D2G4M�V C%D�>	h^G4Dx£XG�RvH�[�G\V��#@ F G4IKzD�G4@ dM�y�G4V�[~>	_a`�R.RvVv>!IPD�I^G4V R�G4D #�G4V�H\G4o2R�V�C%D2@ F IPDq�.G\RvV�>	_a`�R�p	G4H4C	p%G4D 9 ��I^DQ@ C%hP_a`2G4@.£XG\R�H\[.G4V �G4V�V G4_a`�D2G\R�>	M2@Xp%G\G4I^p%D�G\R�G4D,��I^D�p�>	y�G4p	V dC%l%G\D�G\IPD�G�W�>	`�V�@ _a`�G4I^D�hPI^_a`��	G\I^RTi dM�V]F�IPGSµ|M�p%G\` dC%V IPp!z�	G4IKRsF�G4V���IPD�p�>!ycG\OZM�@ R�G4VxH4M²G4I^D�G4Vsy�G4@ R�IPOQOSRvG\D²A�hP>	@�@ G 9 ��G\I�F�G4Vx`�I^G4VxycG\@�_a`�V IPG\ycG\D�G4DmBD�[�G\D�F�M�D2pY@ IPD�F�F�I^GnH4M�@ G4o�>	V IPG\V�G4D2F�G4DÓA?hï>	@ @�G\D�rUIPp%D�>!hKzXy�H\[ 9 �TD�RvG4V p%V�M2D�F�G4V G4I^p%D�IP@ @�G 9
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�� ��������������� 8 �=�IPG b M2D���RvIPC	D�@ [.G4I^@�G?G4I^D�G4@ #°G4V H4G\o2RvV C%D�@Th d>	@ @ R¸@ IP_a`s>	hP@.mBD�[.G4D�F�M2D�p{G\IPD�G\V~hPC%p	IP@�_a`2G4Dn��G4V�z�#D dM�o2i�M2D�p}J	C%D & D:z 3�6 zgF2IPOQG4D�@ IPC%D�>!hPG4D|tUD2IP_a`�R]hPI^D�GL>	V G4D�r:_a`�D2I^R�R�G4DsIPD¤F�G\O J%C	D�D���IPD�p�>!ycG�zo�>	V�>	OQG\RvG\V�DY>	M2i�p%G\@�o�>!D�D�RvG4D»wX>	M2O±IPD�RvG\V�o�V G\RvI^G4V G4D 9 =�I^GQmXD�o�>	@ @�M�D2pfG4I^D�G4@ #°G\V�H\G4o2R�V�C%D�@>	M2i�G\IPD¼@ ocG\H4I^G4hPh^G4@�#�V C%y�h^G4O G4V�i�C%hPp	R}F�M�V _a` G4I^D�G4D dM�y�G4V�[~>!_a`#R�G4D (°V�>	IPD2IPD�p%@ o�V�C	H4G4@ @4tÜycG\IF�G\O®F�G\O £TG\R�H\[.G4V��s[]IPG\F�G4V `�C%h^RB��IPD�p%>	ycG\OZM�@�RvG4V F OQI^RTy�G4�³>	D�D�R�G4V�A?hP>	@�@ G4D�H\M�p%G4` dC%V�I^p!z�	G\I^RHF M�D2FNF2IPGZp%G�[ dM�D�@ _a`#R�G4D�£TG\R�H\[.G4V��³>	M2@�p�>	y�G4DYo�V d>!@�G4D�R�IPG4V�R�[�G\V�F�G\D 9 =�IPG\@�G4V?mXD�@v>³RvH`�>!RXIPO ��G\V�p%h^G4I^_a`�H\M,�#hï>	@ @�I^@�_a`�G\DN·�G\R�`�C:F2G4DfH�[�G\I°y�G4F�G\M2RvG\D�F�GS��C	V RvG\IPh^G 9 µ|M�O G\IPD�G\D,IP@�RF�I^G C o2RvI^O}I^G4V M�D�pNO}CUF�G4h^h^i�V G4I�½���@}[]IPV�F��	G4I^D²r:G4h^G4��RvI^C%D�@ �UV I^R�G4V�I^M�OÔJ%C	V�p%G\p%G4y�G4Dut�F�G4@ @�G4DJ!>	V�IP>	y�h^G�Ö?V dC%l%G\D >	D�H\M�o�>	@ @�G4DN@�I^D�Futc@�C%D�F2G4V�DNF�>	@ #�G4V H4G4o:RvV�C	DNE�D2F�G\R�F�I^GZC%o2R�IPO}>	hPG\D�r:G�zhPG\��RvIPC	D�@�@ _a`�D�I^R RvG¤@ G4hPy2@ Rv@�R d>	D2F�IPp 9 µ|M�O >	D�F�G\V�G4D�[.G4V F�G4DÓF�IPG\@�Gsr:_a`2D�I^R RvGnF�I^V�G\�#RZIPOÎG\J#Rvh 9`�CU_a`�F�I^O}G\D�@�I^C%D�>	h^G4Df��I^D�p�>	y�G4V�>	M�O >	D�p	G4o�>	@ @ R4tc[�>	@BI^D�@�y�G4@ C%D�F�G\V�GZy�G4I��	C%V V�G\hPIPG\V R�G4Df��I^D:zp�>	y�G4o�>	Vv>	OQG\R�G4V D J	C%D���C%V R�G4I^h¿IP@�R 9�bXdM�V�F�G\D (�Vv>	I^D�IPD2p%@�o�V C%H4G\@�@?y�G4D dC!RvIPp!R?O{>!D >	hPh^G4V�F2IPD�p%@G4I^D�G4D�·�M�@�RvG\V�F�>!R�G4D�@�>!RvH!t°F2G4V�F�IPG�G�¹2>	��RvGqegD2i�C%V O{>!R�IPC%D�F�>	V dM�y�G4V�G\D#R�` d>	hKRLtuC%y G\@*@ IP_a`NycG\IF�G\Dn¶ G�[�G\IPh^IPp%G\Df��IPD�p%>	ycG\OZM�@�RvG4V D�M�O r:IPp%D�>	hKz.CUF�G4V?�TD�RvG4V p%V�M2D�F�G4V G4I^p%D�IP@ @�G�`�>!D�F�G4hKR 9 ��IPD@�C	hP_a`�G\V (�Vv>!IPD�I^D�p%@�F�>!RvG\D�@v>!R�H?h d>	@ @ R]@ IP_a`xD#M�VT>	M�@Tr:I^OZM�hï>³RvIPC	D�@�F�>³RvG4D{G�¹URvV�>	`�IPG\V�G\D 9¢bBdM�V¸F�I^Gr:I^p%D�>	h^G4V�G\IPp%D2IP@�@ G�@ RvG\hPhKRBF�I^G4@X�	G4I^D=#�V�C%y2hPG4O F�>!V4t�>	y�G4V��TD�RvG4V p%V�M2D�F�G4V G4I^p%D�IP@ @�GZhP>	@�@ G4Df@ IP_a`D#M�V]M�D�J%C%h^hP@�R d>	D�F2IPp�@�I^OZM�h^IPG4V G4Dut:F�>�H4M�O G4IPD2G4DxF�G4VXÖ?G4D�G\Vv>!R�C%V~i dM�V¸F�I^G?Ø Øaz b V�>	p%OQG4D�Ra>³RvIPC	D�	G\IPD¤o�G4V�i�G4��RvG\@¸mBy�y�I^hPFnF2G4V~D�>³R dM�V hPIP_a`2G4D #�` d>	D2C%O}G\D�G�h^IPG\i�G\V R.M�D�F¤H\M�O >	D2F�G4V G4DnJUIPG\hPGBF2G4VO dC%p%hPI^_a`�G4D{�XD�RvG\V�p%V M�D�F�V GL>	��R�IPC%DnD#M�V�@�_a`�h^G4_a`�R¸M�D�RvG\V�@ M�_a`�RXy2H\[ 9 p%>	V.D2IP_a`�R~y�G4�³>	D�D�R¸@ IPD�F 9=�G4@�[�G\I^R�G4V�G\D�ycG\@ RvG\`�Rq>	M2i�p%V M�D�F»F2G4VSJUIPG\hPG\DYi�V�G\IPG\D»IPD�D2G4V�G\D�£XG�RvH�[�G\V��#o�>	V�>	O}G�RvG\VBF Rg��zo�I^@�_a` @�I^D�FNÕ /	��3L/%/ F tcIPOQO}G\VXF2IPGqÖ?G\ij>	`2V4t|F�>	l¤F�>	@�£TG\RvH�[�G\V��,[ d>!`�V�G\D�FYF2G4@ (�Vv>	I^D�IPD�p	@F�I^GZ@�o�G4H\IPG4h^hPG\D ��I^p%G4D2@�_a`�>!i7R�G4D F�G\@S·sM�@ R�G4V�F�>!RvG\D�@v>!R�H4G\@S>	F�>	o2RvI^G4V�R�M�D�F F�I^G b¸d>	`2IPp%�!G4I^RBH4Mp%G\D�G4V�>	hPI^@�IPG\V�G\D�J%G\V�hPI^G4V�R 9 mBM�@ZF2IPG4@ G4DÓÖ?V dM�D2F�G4D»[]M�V F�G¤F�I^G4@�G\VZmBD2@v>!R�HnD�IP_a`�RZ[.G4IKRvG\VSJ%G\V�zi�C%h^p	R 9egO Ö�G\p%G4D�@�>!RvH{F�>	H4M�G\V i�C%h^p	R*F�IPG C o2RvI^O}I^G4V�M2D�p�F2G4Vqr:G\hPG\�#R�IPC%D�O}IKR�G\IPD�G\VSG�J%C%h^M2RvI^C%D d>	V G4DrUR�Vv>!R�G4p%I^GXD#M�V�>	D�`�>	D2FnF�G4V.p%G4OQG4@ @�G\D�G4Dx=?>!R�G4D}C%`�D�GXF�IPG]��G4V�[�G\D�F�M�D�p�J	C%Dxr:I^OZM�hï>³RvIPC	D�@�zF�>!R�G4D 9
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D�G4@ @�G4V�i�C%hPp!R 9 ·�IKR�¶ G\F�G4VÜD�G\M�G4DxÖ?G4D2G4Vv>³RvIPC	DQJ	G4V�p	V dC%l%G\V R�@�IP_a`}@�C�F�IPG b IKRvD�G\@�@ÜF�G4V.p%G4@�>	OSRvG\D
#°C%o�M2hï>!R�IPC%D¤M�D2F�@�RvV�G\y2RTF�G4D�O{>�¹2I^O{>!hcO dC%p%h^IP_a`�G\DnW�G\V RX>	D 9egDºF�G\Vq`�IPG\VQy�G4@ _a`�V�I^G4y�G4D�G\D¼mBD�[.G4D�F2M�D�p»G\IPD�G\VQG�J%C%h^M2RvI^C%D d>	V G4DºrUR�Vv>!R�G4p%I^G¤H4M�V C o2RvI^O}I^G�zV�M�D�p�F�G4VxrUG4hPG\��RvIPC	DºJ%C	D � ¦� � § ¨© § ¨© ª ¦ µ|G\V i d>	h^hPG4DÓy�G4@�_a`2V�G4I^y2R�¶ G\F�G4@sÖ?G4D�C	O G\IPD�G\DycG\@ RvI^O}O�RvG4D�r2>!RvH*J%C%DYr:G\hPG\�#R�IPC%D2@��#V�IKRvG4V IPG\D 9 =�I^G b I^RvD2G4@�@BF�G4V�Ö?G4D2C%O}G�G4V p%IPy2RB@�I^_a`�D�>	_a`mBD�[�G\D�F�M�D2psF2G4V�G\D#R�@�o�V G4_a`�G\D�F�G\D�r:G\hPG4��R�IPC%D��#V I^RvG\V�I^G4D�>	M2@BF�G\V�Ö dM:RvGSF2G4@��q��z�rUIPp%D�>!hP@TIPO§f¨© §f¨© ª ¦¢z�·,>	@ @�G\D�@�o�G4��RvV M�O 9 «TIPG4V ycG\I�[]M�V�F2G4D�H�[�G\IÜJ	G4V @�_a`�I^G4F�G\D�G{mXD�@ d>!R�H4GQi dM�V?F�IPG b IKR zD�G4@ @ i�M�D���R�IPC%DsJ%G4V�[�G\D�F�G�RL½

& µ|M�O�G4IPD2G4D¤[]M�V�F2G?F�IPG?=�I^hPM2R�IPC%D��Ut:F�IPGB@�IP_a`s>	h^@ #�V�CUF�M���RT>	M�@¸r:G4h^G4��RvI^C%D�@�G�DQH4IPG\D�H +M�D�F�wTG\IPD�`2G4I^R~F�G4@Br:IPp	D�>	hP@��{G4V p%IPy:RLt�O}>³¹:IPOQIPG\V RL½��a + � �Ka /
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/��� / &(8:9 � 6«XI^G4V�y�G4IUy�G4H4G\IP_a`�D2G4D</fM�D�F�� ¶ G\[.G4I^hP@°F�IPG.mBD�H4>	`�h2F2G4V�r:I^p%D�>	h zuy2H\[ 9 �TD�RvG4V p%V�M2D�F�G4V�zG4I^p%D�IP@ @�G.IPDZF�G\V�r:I^p%D�>	h^V�G4p	IPC%D 9 / ¨ t³F�I^G~M�D#ycG\�³>	D�D�RvGTÖ?G4@�>	OSRa>!D�HL>	`2h:J%C	DQr:IPp%D�>	hPG\V�G4I^p!zD�IP@ @�G\D�IPD,F2G4O�M�D�RvG4V @�M�_a`�R�G4DY=?>!RvG\D�@v>!R�H	t�y�hPG\IPy2RT[ d>	`�V G4D�F�F2G4V C o2R�IPOQIPG4V M�D�pQ�	C%DUz@ Rv>	D�R~M�D�F}[]IPV�F}F�>	`�G\V~y�G4I¢F�G4Dni�C	hPp%G\D�F�G4D{��G\R�Vv>	_a`�R�M�D�p%G\DxJ	G4V D�>	_a`�h d>	@�@ IPp	R4t:F 9 ` 9 @�I^G[]IPV FZ[]IPhPh^� dM�V�h^IP_a`Z>!M2i�G4IPD2@�p%G4@ G\RvH�R 9 =?>�F�G\V��XD�RvG\V�p%V M�D�FqIPD�F2G4V�£ d>!`�G¸F�G4@.r:I^p%D�>	h^@¿I^Dp%M2R�G4VÜ£ d>	`2G4V�M2D�pZ>	h^@�¡¢>	_a`n>!D�p%G4@ G4`�G\D{[.G4V�F2G4Dn�³>	D�D|tUhP>	@�@ G4DQ@�I^_a`{F�I^GBµu>!`�hPG\D�/�M2D�F� >	M2@SF�G\D���V�G4I^p%D�I^@�HL>!`�hPG\D�IPDYF�G4VZr:IPp	D�>	hPV G4p%I^C%D	��
�SM�D2F»F�G4VZr:G4IKRvG\DUy�>	D�F�V G4p%I^C%D��
����]ycG\V�G4_a`2D�G4D 9 / a���
�� 4 3�
��
���� � a 3�

��
���� &(829K3�/�6[�C	ycG\I � F�I^GZ��V G4I^R�GSF�G\V�r:G\I^RvG\D#y�>	D�F�V G4p%I^C%DfI^O ��G\V�` d>!h^RvD2IP@TH4M�V?�.V�G4IKRvG�F�G4V�r:IPp%D�>	hKzV�G\p%IPC%D¤y�G4H\G4I^_a`�D�G\R 9 =?>	O}IKR~G\V�p%I^y2R]@�I^_a`si dM�V]F�I^G b I^R�D�G4@ @¸i�C%hPp%G\D�F�G\V¸mBM�@ F�V�M�_a�¢½� a / �/���� a & ��
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�� 1 &(829K3%3�6=?>	@�rUG4I^R�G4D#y�>	D2F�[]I^V�F»Rg�Uo�I^@�_a`�G\V [.G4IP@ G�y2V�G4IKRvG\V�>	hP@�F�IPG¤r:IPp%D�>	hPV G4p%I^C%DYp	G\[ d>	`�hKR�M�OF�G4Ds@ Rv>!RvI^@ R�IP@�_a`2G4D b G\`�hPG\V¸F�G4VT=�I^hPM2R�IPC%D}O dC%p	hPIP_a`2@ R¸p%G\V�I^D�pqH4Ms`�>	h^R�G4D 9& �XO®F�G4D���I^D2¡�M�@ @�F�G4@*�XD�R�G4V�p	V�M�D�F2G4@Z>!M2i�F2IPGqw]G4@�M2h^Ra>³RvG�F�G\VB#°>	V R�Iï>	hK[�G\hPh^G4D�>	D�>	h^��z@�Gs@ �U@ R�G4O}>!RvI^@�_a`¼M2D#R�G4V @�M�_a`�G\D H4M�� dC%D2D�G4D�[]M2V�F�G\D�[�G\I^R�G4V�G�=?>!R�G4D�@ d>!RvH\G�OQI^RqM�DUzRvG\V�@�_a`2IPG4F2hPIP_a`�`2C%`�G4O �XD�RvG\V�p%V M�D�F�IPD�F�G4VQr:I^p%D�>	h^V�G\p%IPC%DNG4V H4G\M�p	R 9 ��G4I~F2IPG4@ G4D�=?>³zRvG\D�@ d>!R�H4G\D*[]M�V F�G�F�IPG¿mBD�H4>	`�h�F�G\V�r:IPp%D�>	hPG\IPD�RvV d>	p%G5/sy�G4I	i�G\@ R�J%C	V�p%G\p%G4y�G4D�G\D*��G\V�` d>!h^R zD�IP@��,J%C%D{r:IPp	D�>	hKz|H4M}�XD�R�G4V�p	V�M�D�F2G4IPD�R�V d>	p%G\D}O}>³¹:IPOQIPG\V R 9 =�I^G~H4MqC%o:RvIPOQIPG\V�G\D�F�G b IKR zD�G4@ @ i�M�D2�#R�IPC%Dx[]M�V F�G�H\M�F2IPG4@ G4O µc[.G4_a�¤[]I^G�i�C%hPp	R¸>	D�p%G\@�G\R�H\R4½
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b >	hPh^@*F�>	@qr:I^p%D�>	h zgH4MUz�wT>	M�@�_a`Uz���G4V ` d>	hKRvD�I^@ /�×�� p%V dC%l%G4V�C:F2G4VSp	hPG4I^_a`�F�G\O p	G\i�C%V F�G4V�zRvG\D�W�G\V R-� I^@ RLtkI^@ R�F�IPG b I^R�D�G4@ @Sp%h^G4I^_a`YF�G\VSmXD�HL>	`2hÜJ	C%DÓr:IPp	D�>	hPG\IPD�RvV d>	p%G\D,/ 9 ��G4I
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�#hPG\IPD�G\V�G\D /�×��Ô`2IPD�p%G\p%G4D�[]I^V�F /²OQI^R?F2G4V*>	y2ij>	h^hPG\D�F�G4D b hï>	D��!G�G4I^D�G4V�Ö�>	M�l%�#M�V�J%Gp%G�[]IP_a`�RvG�R 9 egD�F�G\D�i�V dM�`�G\DºrURa>	F2IPG4D�F2G4V C o2RvI^O}I^G4V M�D�p�[]I^V�F�F�I^G¤��V G4I^R�G h © �! F2G4VÖ�>	M�l	¡�>	D��	G¤p	V�C%l�p%G�[ d>	`�hKR�F�>	OQI^R�F�IPGn��I^p%G4D2@�_a`�>!i7R�G4Dº>	hPh^G4VSÖ�G\D�C%OQG"F >	M2_a`f¶ G�zD�G\V4t�F�I^GsG\IPD�G\V}r:G4h^G4��RvI^C%DºOQI^RZG4IPD2G4O �#hPG\IPD�G\V�G4D /�×��¤z�WYG4V R}>	h^@qF�G4O p%G�i�C%V�F2G4V R�G4DWYG4V�R-�¼G\D�Rv@�o2V�G4_a`2G4D F y�G4V dM2_a�U@ IP_a`�RvI^p	R�[�G\V�F�G\D 9 =�IPG���V G4IKRvGZ[]IPV F F�>	D�DNIPD{¶ G4F2G4VH\G4`�D�RvG\D�Ö?G4D�G\Vv>!R�IPC%Dx>!DsF2IPG*rUR�V�G4M2M�D�pqF�G4VXr:I^p%D�>	h zgH\M:z�wT>	M�@ _a`:z���G\V�` d>	hKRvD�I^@�@ GBIPD¤F2G4VG\D#R�@�o�V G4_a`�G\D�F�G\D #°C%o�M2hï>!R�IPC%D�>!D�p%G4o�>	@�@�RLtuF 9 ` 9 F2IPG���V G4IKRvGZ[]IPV F�IPO �k>	M2i�GZF�G\V C o:zR�IPOQIPG4V M�D�p}IPOQO}G\V][.G4IKRvG\VBJ%G\V��#hPG\IPD�G\V R?y�I^@BF�I^G�Ö�>	M�l	¡�>	D��	GSIPDfF�G\D�@�o d>³RvG4DYrURv>	F�I^G4DF�G\V C o:RvIPOQIPG\V�M�D2p�G4IPD2G4VTrUR�M2i�G4D2i�M2D���RvIPC	D�D�>!`�G4�!C%O}O�R 9=�IPG C o2R�IPOQIPG\V�M�D�pSF�G4VXr:G\hPG4��R�IPC%DxG4V�i�C%hPp!R¸F�M�V _a`,G4I^D�G?mBD2o�>	@�@ M�D�p}F�G4V¸J!>	V�IP>	y�h^G4Dsr:_a`�D2I^R�R�zp%V dC%l%G4DNIPD G\IPD�G\O J%C%O mBD�[�G\D�F�G\VSi�G4@�R*J	C%V�p	G4p%G\ycG\D�G4D»r:G4h^G4��RvI^C%D�@��#V I^RvG\V�I^M�O�t�[�C	ycG\Iu¶ G\F�GF�G\V]r:_a`�D�IKR�R�p%V dC%l	G4DnD#M�V~I^D�D�G\V�`�>	h^y{G\IPD�G\@�J%C%V p%G4p	G4y�G4D�G\DsegD�R�G4V J!>	h^hP@ÜG4V hï>	M�y:RvG4VÜW�G\V R�GBJ!>	V�I zIPG\V R¸[]I^V�F 9�� G\F�G4@XÖ?G4D�C	O F G4I^D�G�A?G\R RvG�J%C	D b h^IPG\l%�	C%OQO}>³z�M2D�F�Ö*>	D2H4HL>!`�hPG\D!F G\D�Rv` d>	hKRG4I^D�G4DxJ%C	hPhP@�R d>	D2F�IPp%G\Dsr2>!R�H*F2G4V¸J!>	V�IP>	y�hPG\Dsr:_a`�D�IKR�R�p%V dC%l	G4D 9µ|M�D d>!_a`�@ RX[�G\V�F�G\DfF�IPG�Ö?G4D�C	O}G�F�G\VXG\V�@ R�G4DfÖ�G\D�G4V�>!RvI^C%D�OQI^R]H\M2i d>	h^hPIPp	G4DnWYG4V R�G4D,>	M�@TF�G4DegD�RvG\V J!>	hPh^G4D*G4V hï>	M�y:RvG4V�WYG4V�RvG�IPD�IKRvIP>	hPI^@�IPG\V R 9 =?>	Vv>	M:i�`�IPD?[]IPV F�IPD~¶ G4F�G\V�D2G4M�G\DqÖ�G\D�G4V�>!RvI^C%D�G4I zD�GBR�G4OQocC	V d>	V GH#�C%o�M�hP>!RvI^C%Dut�F�I^GB`�>	h^y{@ CZp%V�C	lSIP@�R.[]I^GBF�I^GBM�V @�o�V dM�D�p%h^IP_a`�GH#°C%o2M�hï>!R�IPC%D|t�O}IKRF�G\Dº>!M�@ZF�G\VqA�V G4M�H\M�D�p�H�[�G\IPG4V�) ��hKRvG\V�D�*!z�Ö�G\D�C%OQG}`2G4V J	C%V�p	G4`�G\D�F�G4D )�A?IPD�F�*!z�Ö?G4D�C	O}G\Dp%G�i dM�hPhKRLtc[.C%y�G4I�F2IPGZW�>	`�V�@ _a`�G4I^D�hPI^_a`��	G\I^R?i dM�V?F2IPGqÖ?G4D�C	O}G�F�G\V?M�V�@ o�V dM2D�p%hPI^_a`�G4D #�C%o�M�hP>!RvI zC%Dutc>	h^@E) ��hKRvG\V�D�*!z�Ö�G\D�C%O >!M�@�p%G�[ d>	`�hKRBH\M,[�G\V�F�G\Dut|p	hPG4I^_a`�J%G4V�RvG\IPh^RTI^@ R 9 ��G\IkF�G4VBA�V G4M�H\M�D�p[.G4V�F2G4D¼F�I^G¤W�G\V RvGsF�G\@ )�A?I^D�F�*!z�Ö�G\D�C%OQ@ZH4M2i d>!hPhPI^p�>	M�@QF�G\DºegD�RvG\V J!>	h^hPG4D|t�F�IPGxF�M�V _a`�F�I^Gy�G4IPF2G4D¤G4D�R�@�o�V G4_a`�G\D�F�G4DsW�G\V R�G�F�G4V )���h^RvG\V�D�*³z�Ö?G4D�C%OQGX>	M2i�p%G\@�o�>	D2D#R�[�G\V�F�G\Dut�y�G4@ R�IPOQOSR 9mBD2@�_a`�h^IPG4l	G4D�FÙ[.G4V F�G4DÙF�IPG W�G\V R�GYF�G\V ) A�I^D�F�*!z�Ö�G\D�C%OQG�F�G4VxRvG\O}o�C%V d>	V�G\D #�C%o�M�hP>!RvI^C%DOQI^R�G4I^D�G4V�J	C%V�p%G\p%G4y�G4D2G4D{W�>	`�V @�_a`�G\IPD�h^IP_a`��!G4I^R.OZM2R�IPG\V RLt	F 9 ` 9 F2IPG¸W�G\V R�GT[.G4V F�G4DnOQI^R�G\IPD�G\V
��C%V�G\D�RvH�z���G4V�RvG4I^hPM�D2pSJ%G\V�@�_a`2O}I^G4V R4t:[.C%y�G4Iu@ IP_a`nF�I^G���V G4IKRvGBF2G4V���C%V G4D�RvH�z���G4V�RvG\IPhPM2D�p�>	DnF2G4V��V G4I^R�GxF�G4@}egD#R�G4V�J	>!hPhP@�F2G4VQG4V�hP>	M�y2R�G4D�W�G\V R�G�C%V IPG\D#R�IPG\V RqM�D�FºF�IPGxV G4@�M2h^RvI^G4V G4D�F�G\DºWYG4V�RvGF�M�V _a`fF�I^G*egD�R�G4V J!>	h^hPp%V G4D�H\G4D�hPIPOQI^R�IPG\V R.@�IPD2F 9 =�IPG�W�>	`�V�@ _a`�G4I^D�hPI^_a`��	G\I^R4t�F�>	@�@XG4IPDsG4I^D�H4G\hPD�G\VWYG4V RTG\IPD�G\@BÖ?G4D2C%O}@�OZM2RvI^G4V�R¸[]IPV�F|t2[]IPV FsI^D¤V�G\p%G4h^O d>	l	IPp%G\DnmBy�@�R d>	D2F�G4D,>	DxF�IPG*rUR�V�G\M�M�D�pF�G\V�Ö?G4D2C%O}G�IPDqF�G4V�M2V�@�o2V dM�D�p	hPIP_a`2G4D<#°C%o�M2hï>!R�IPC%Dq>	D2p%G4o�>!@�@ R4½#��G4I2G4IPD2G4V��#hPG\IPD�G\VÜrURvV G4M�M�D2p�tF 9 ` 9 d>	`�D�h^IP_a`�G\DÓ��I^p%G4D2@�_a`�>!i7R�G4DºF�G4V}Ö?G4D�C%OQG	t°[]IPV�FÓF�I^Gs·�M2Ra>³RvIPC	D�@�z�W»>	`2V�@�_a`2G4IPD2hPIP_a`2�	G4IKRG4V ` dC%`�R 9 =�IPG )�A?I^D�F�*!z�Ö�G\D�C%OQG�F�G4VxRvG\O}o�C%V d>!V�G4DG#°C	o�M�hï>³RvIPC	D²[.G4V F�G4D�F�>!D�DÙF�M2V�_a`�F�I^G
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Teildatensatz 1 (Optimierung anhand Teildatensatz 1)
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*9,�k�(1,�g/J/,�T9J/,�?L4S*-,t4 (1F`[Z&),�T-J/R�a*985(�,t45(�F��r,t4 (185./8�C�,�3k�C�C�,t45(�85?�QSR�(�&;3�(�,dm/GIF ej*9:):)(P8�(�:)*94 &>g�@�85(1&;45(�8�}f(1?5J/,
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