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Teilchenidentifikation

DST Daten TANAGRA Daten

DELGRA
interaktives Grafik-

Programm

SHORT- und MINI-
DST Produktion

SHORT-DST Daten

MINI-DST Daten

Physik -
Analyse

�/������	�������������5�¢$����������	�d 0 4 �/���!	�
�#"��6V�+ * "�



� X o \ o \ ;>= ?5AT~�| N ] )B<?&.-KD!-T+ NTp =?ZOL,=3)BE^E^&

���������@?��a% ��	�
����!��p� >��������%
] /8&v/0-Q+7/0&B@W&�=x\'=>[T&./8<�f!=!C),@�&.-7<>/8&.=><?&.-�\'-T)B(3bH@W&.-k[T)O@W/8&�=?&.- )ID5Z +7&.E ] )B<?&.-�Z Z,=?E )I<u@W2!ZO=?< ] a m \L EF&.=3@�<?&.-�\'-T)I(�b!@�&B@?132!=>/8<?<�M�&�=3+7&.- +7/8&9[T&.-sCZ,<>/8LO<?&.- i =?&�/8L,-H/*@?@�&s)IDT@�L,&.M~C)B2!(8<xD!-w+Q+7/8&b+!)I=�)IDT@&�=*Z Z,=�+7&.=>(8/*132!&.- L -5Z ZO=?Ek)B<?/8ZO-!&.- /8E �	N m D!fT&.( N��!ZO=?Ek)B<�� R �|�J)I[!LO&B@WfT&./A1G2!&�=?<.\ ] /8&C@W&Q&.=>(*)IDH[ &�-&�/8-!&x/8-�<?&�=3)I;�<?/0Y�&�4�@>1G2!-H&.(8(0&�D!-T+��T&.t�/8[H(8&x@�<3)I<>/*@�<?/*@>1G2H&�\'-T)B(3bH@W&xE^/8<P+7&�Etp =?Z,LO=3)BE^Etpf\ ` \
]TDH=vY�/*@WDH&.(8(0&.-�'�Z,-�<?=?ZO(8(0&a;eCZ,-!-H&.-y&�/8-!�.&�(8-!&�i =?&�/8L,-H/*@?@�&a/0-�)I(0(8&.-:Z,[T&.-{L,&.-T)B-!-�<?&.- aU1G2!=>/8<><?&.-)BDT@WLO&.M~C)I2H(8<eD!-T+#E^/0<x+7&.E /0-7<>&.=3)B;7<>/8Y�&.- L =�)!9T;�N"p =>Z,L,=�)IE^E ;>=@?�� z 8 � R P �P)I(A@ o N ] L =3)!9w;+H)I=?LO&B@W<>&.(8(0<vMP&.=3+7&�-5\ ;>= ?�� z 8 Z,fT&.=?/0&.=?<9)BD5Z ] )I<?&�-#/8E ] a m N��!Z,=>Ek)I<9D!-T+y/0E���8�:<8�� z 85N�!ZO=?Ek)B<F� R o �p\



�

� ������� �

] /8& B	&�;�Z,-T@�<?=?DH;7<>/8Z,- +7&.=XLO&.E^&B@>@W&.-H&.- a�f!D!=>&.- )B-!2T)I-w+ +�&.=kB�Z,2T+H)I<?&�- &�=*Z Z,(0L,< E^/8<k+�&.E
\'-T)I(�b!@�& NTp =>Z,LO=3)IEKE ;�= ?-8�:<8�\ ] /0&�\'-T)B(3bH@W&�/A@W<P/8- Z ZO(8L,&�-T+7&-a�132!=>/8<?<>&'LO&.L,(0/8&B+�&.=?< n /8- 'J(A)IEaNE^&.=?-K+7/0& ��D!L,&.2FCZ,=?/0L,&.- ��8;: 8�� z 8 N ] )I<>&.-�<*b�fT&.- � R o � q
	
g \ A -T)B[!2sC)I-HL,/8LO&_\'-T)B(3bH@W&{+7&.=�B	ZO2T+!)I<>&.- +7&�=X&./0-!�.&.(0-!&.- a�D![�N ] &�<?&.;�<?ZO=?&.- n�m ] 4�&.-!LO(p\<?=�),13;^+7ZO< q \z)�&B@�<?/0E^EeD!-!LxY�Z,-ka�fHD!=3@�<�CDT13;�&.- n�m i	4!&�-!L,( \!<?=3)O1G;s&.(0&.E^&.-�< q \
� \a'�Z,Es[!/8-T)B<?/0Z,-K+7&.=xa�f!DH=3@W< CDT13;�& ��D a f!D!=?;O)B-T+7/*+H)I<?&�- n)m aw4!&.-!L,( \7<>=3),13;k@�<?=?/0-!L q \
o \q\'-!fT)O@?@�D!-!L )I-la�fHD!=?fT)B=3)BE^&.<?&�= Z�CD!=u+7&.-QLO&B@?)BEa<>&.- ] &.<?&.;�<?ZO= n��������� .��.D!= m 'e4T&.-!LO(p\<?=�),13; q \
X!\q\'D5Z ("CZ @WD!-!LsY�Z,- � &.2H=3+7&.DH<?/8LO;�&./8<>&.-sD!-7<>&.=�+�&.-ka�f!D!=>&.-5\
R \qi =?-!&.DH<?&q\'-T)I(�b!@�&�+�&.=�B�Z,2T+H)I<?&�-�&�/8-!�.&�(8-!&.= a�D![7N ] &.<>&.;7<>Z,=>&.-^D!-�<?&.=�]TD!2H/8(:Z &�-T)I2!EK&�+7&.=@?132!Z,-kLO&�Z D!-T+7&�-!&.-ka�f!D!=>&.-5\ L &.LO&.[T&.-!&.-5Z )B(8(A@ ` /8&B+7&�=?2!ZO(8D!-!Ls+�&B@%a�f!D!="9T<3@ \
�7\ m &�/8(*132!&.-H/*+7&.-�<?/�9T;O)B<?/8ZO-5\
G \a)�&B@W<>/8E^E9D!-!L9+7&B@�f!=>/8E C)B=?&.-�]�&.=?<>&.t�\

] /8&eLO&B@?)BEa<>&�)�&B@?132!=?&�/8[!D!-HL^+7&C@ ] &.<?&.;�<?ZO=3@��.D{)I(0(8&.-l]T&./0<?&.-:+�&.= ] )I<>&.-!-T)B2!E^&e/*@�<x/8-:&./8-!&�=] )I<>&.-7[w)I-!;k)B[!L,&C@WfT&./*132!&.=><F� � � �p\
� ��� �  � ������ � � 
��� � ��������� � 
�

] ZO=�+7&.E a <3)I=><�D!-T+k�.D \'-5Z )B-!Lk+7&.= ] )I<?&�-!-T)I2HE^&�4T)I(A@'+H),@&p =>Z,LO=3)IEKE &�-7<�M�/*13;�&.(0<?&�M�D!=�+7&�4/*@W<�Ek)B-�[T&./ +7&.=�a�f!DH=3@WDw1G2!& n a�132!=>/8<?< �Uq Y�Z,-YZ ZO(8LO&.-T+7&.=q\'-!-w)I2!E^&9)BDT@WLO&.L�)B-!L,&.- 	 ] /0& m p n/*@W<�+�&.='&�/8-!�./0L,&-a D![7N ] &.<?&�;7<>Z,=.46+7&.=�&./0L,&.-T@�<(C)B-T+7/8L�a�f!DH=?&.-kY�Z,(0(*@�<(C)I-w+7/8Ls=?&.;�ZO-T@W<>=?D!/0&.=?&�-^;O)I-!-54+!)v+7/0& m p n +7/8&~a�f!D!=>f!D!-!;�<?&x+�=?&./A+7/8E^&�-T@W/0Z,-T)B(!E^/ ,O<.4,DH-T+k+7/8&�a�f!D!=�@W<�CDT1G;�&�(*)B-!LeL,&�-7D!Lb@W/0-T+�4
��R



� � XH\ g \ ] /8&�[H/*@W2H&.=?/0L,&�a�<?=�)I<>&.L,/0&

DHE +7&�=?&.- '�=�CD!E^EsD!-!Ls�.D:E^&B@>@W&.-5\ ] &C@W2T)B(8[#M�/0=3+:+7/8&�a�f!D!=�@WDT132!&sY�Z,- m p n NDa�f!D!=�@W<�CDT1G;�&�-)BDT@�[ &�L,Z,-H-!&.-5\
] &.=z]�&.=><?&.t�N ] &.<?&.;�<?ZO= M�)B=��.DK+7/0&B@W&.=�]T&./0<�-!Z�1G2K&./8-!&�-!&.Dw)I=?<>/8LO& m &B132!-!Z,(0Z,LO/8&�4�+7/0&'-!Z�132^-!/A1G2�</0-yLO=?Z�,,&.-[i t7fT&.=>/8E^&�-7<>&.-X&.=>f!=?ZO[!<xM�)B=.\�i =v(0/8&�Z &.=><'-�D!=x&./0-!�.&.(0-!&oa�f!D!=>f!D!-!;�<?&K)I-w@W<3)B<?<eY�ZO-
a f!D!=3@�<�CDT13;�&.-5\ ] &B@�2T)I(0[QM�&.=�+7&.-Q+�/8& a f!D!=?fHD!-!;�<?&e+�&B@+]�&.=?<>&.t�N ] &�<?&.;�<?ZO=3@�&.=�@W<�-T)O1G2:+�&.ER&.=WN@�<?&.-_a�f!DH=*9T<xD!-T+{+7&.=�\'D�Zp(TCZ�@WDH-!LXY�ZO- � &.2!=3+�&.D!<?/0L,;�&./0<?&.- /8-!-H&.=?2T)B(8[QY�ZO- a�132!=>/8<?< R ��D#+7&�-
a f!D!=?&�-^2!/8-H�.D!L,&�Z�CD!L,<�\ ] /0&�a�fHD!=3)BD5Zp(TCZ�@�D!-!LeD!-T+s/8-T@�[ &C@WZ,-w+7&.=?&u+7/0&xp =(C)B�./*@�/8ZO-^[T&./6+7&.=*)�&B@W<>/8EaNEsD!-!Ls@�&.;�D!-T+�C)B=?&.= ]�&.=><?/8��&B@ M�/8=3+k+7DH=3132X+�&.- ] ] @W<3)B=?;kY�&.=>[ &C@?@W&�=?<.\
�y%�� ! > > � >�� �a% ����� � � ��&
	��� �*%
�&CD!= j?&B+7&.-:&./8-H�.&.(8-H&.-Q+7&�= a D![7N ] &.<?&�;7<>Z,=?&�-QL,/8[H< &C@J&�/8-:&./8LO&.-T@W<!C)I-T+�/8L,&C@�p )I;�&.<���D!= � DT@W<>&.=WN&�=?;�&.-!-�D!-!LH4 +!)O@e)ID5Zu+�/8&�j?&.MP&./8(0/8LO&�'JZO-T@W<>=?D!;�<?/0Z,-#DH-T+_\'=?[T&./0<3@WMP&./*@�&s)I[!LO&B@W<>/8E^Es<�/A@W<.\ ] /0&
B�Z,2w+!)I<>&.- +7&.=�a�f!D!=>;O)IE^E^&�=?- n LW] 4 m p/n�4� ] 4*� n \v4 �Mn*) q M�&�=3+7&.-��.DH- C),132T@W<s�.DQa�f!D!=�NfHD!-!;�<?&.-QY�&.=�)I=>[ &�/8<?&�<.\ ] )B�.DXMP&.=3+�&.-Q+7/0&�p D!(A@W2 CZO2!&.-Q+�&.=�a /8L,-w)I(*+�= C)I2�<?&eDH-T+X+7/0& a�/0L,-T)B(8&b)I-+�&.-k@WZOL,&.-w)I-!-�<?&.-�� ,-*��P+7&.= m p n LO&.E^&./0-T@?)BE%E^/8<�+�&.-^�.D!LO&.2 CZO=?/8LO&.-<]T&./0<?E^&C@?@WDH-!L,&.-s)BDT@WLO& NMP&.=?<>&.<.\W\�DT@�+7&.-^&�/8-!�.&�(8-!&.-�a�f!DH=?f!D!-H;7<>&.-kM�&.=�+7&.- +!)I-H-X+�/8&�a�f!D!=�@W< CDT1G;�&�L,&�M�Z,-H-!&.-5\ ��),1327N+�&.E &./0- a�f!D!=>f!D!-!;�<s&./8-!&�E [T&B@�<?/8EKEe<?&.-la�fHD!=3@�< CDT13;#�.D!LO&.Z,=�+7-!&.<eMPZ,=�+7&.-�/*@�<.4�; CZO-!-!&.- +7/0&'�Z�ZO=3+7/0-T)I<>&.-�-!Z�1G2:f!=!C)I�./A@W/8&�=?<xM�&.=�+7&.-545/0-T+7&.E [T&./A@Wf!/0&.(*@�M�&./A@W&v=>/*1327<>D!-!L @?)I[H2sC)I-!LO/8LO&�i#"�&�;7<>&[T&.=�CDT13;!@�/*1327<>/8L,<PM�&.=�+7&.-5\
] &.=j] &�=?<?&�tUN ] &.<>&.;7<>Z,=:D!-T+ +7&.= L -!-H&.=WN ] &.<>&.;7<>Z,=#EK&B@?@�&.-%�.M�)B=#[T&./*+�& @WZBM�ZO2!( +7/8&���N�u N'�Z�Z������������ �!�"�$#&%���'�(�)*�����,+�-M'/.0.������������ �!��1��2�3�54��!�6���!� � �$%7%8'9�9:;�<�*%=�3�>�?��4��!�@'9����4A)sC���9:��3:
B .��9�!���������2�!�C'A���?D C.��9�9�!�E�9�&(�)2� B .;���2�!� � '�%8�7�!� �!�7D0�<�9��'A�9:0%8F9�7.�:;���$GHGH�!�I���!��4J�<�&���!�EKC�L-
� �!D2�7.;� �!�M%8�!#34�%8�e�!'9:��!.;�N���9�!�POQ�!�N���!��R�K@�?�$%5'9�9G C.�:;#��&(�)��&%=�<1
���3�IKC�!�7�<D�� .;�=-M'S.;GHF�.��9�!�2�7�!�
'A��� �!�7�!�������>���!�!1�'9���E�9��GT�3����'�ZQ�<�3�U:;�!GT�!�3��% ��GH�V%z'S.0.;�N���3���$�7�!�>%*bA%=�7�<G�19GH�3���$'�%=� �!�&(�)9�!�>���!�
L �!�>��'9��:;D0�!���H�$'�%W�!'A�7�&(�)2�7�!��1
%8.M�9�A,#�0R )SRW���3� a0�3:�����#6��� C�$)�� �����V% L KX���9�9�!� )���#�4Y���!�TKC�!�7�<DZ-
� .;�N��'5Z[# C.0%='A�9:?F��$���$#3#3�<# �!'9�\+�-T\S(�)�%=�]�$'�%=:��!�7�6(^)2�7�<�SO C��� �!��1�G_' ,H�9�$�9�*4J�<�
���!�F'S.;G]49�3�>���7��.;�
�2�!�<a0F9'A��%=��C'�(�D0�Q�!' a0F9'9� D��������6�9��� �!�`�!���9�����;(�)2�7�(C�$:;#��&(�)9�/'/.��7� �!D�� '9�U�$�9:;�!4A���;(�)2�aOb�!���2�!��R
K@�I�!'UOQ�<�����!�T����� m i
%��!'9�sC��(^)�%8�Q���_#�.;D���#��!� 'S.0.;�N���3���$�7�!�E�$49:;�$%8F��!�&(�)9�!� �!10'9Gc�9���9� B .������!�
\��9F��;% %='9�A:^�!'9G m '��3�U:;#�.;4��$#3��;>=@?�AT~�|d-M'S.0.;�N���3���$�7�!�E�7�N����%)Z[.;�7GT�3�!� ���!'UOQ�<�����!�eR

K��3�]�!�3�!�<�!#3�9�<�la0�!D2�7.;� �!�f���!��B;�<�7D���GHGT�!���3G L Kg%=�3�>�"%=F9���!:;�<#&%*b2GHG]�!�7� ��%7(�)����h���!�fKC���$)��8-
�<4J�<�9�!��R �C'A�S��'A��(�)l]�'9.;�N����'A�9: B .;�laiF9'9��%8� C'�(�D0�!�j���!� m � �3:;:��!�7#6��:��,D;�$�9�f���3�P#3�3�AD9%k-k� �$(^)2��%k-
]�Ob�!�&�2�!'9�7��:;D0�!���]���!� L K m i
%H:;�!# C.0%8�aOb�!���2�!��RlKS�M���3�$%]��'9�T4J�<�S:;�!� �3�9:��!�<a0FA'9�����6(^)2�7� n ����b- u q G C.�:;#3�6(^)T�&%=�<1JOb�!���2�!�YZ C'9�/���3� C'949� �3:��!�la0F9'9� �!�X�<OQ�!�m%8F9�3�!:��!#34A�3#&�2#3�&(�)9��B;�<�7D���GHGT�!�=- m i
%
�<�?�!�!'A:;�!1W���3�T%=�6(^)*:;�<:;�!��%8�!�3� �3:U#3.�:;�6%7(�)"�$'�%7% (^)9#��3�;,��!��1m�nRo)�Ra�2'9�\�!���9� B .��y�<OQ�!��a0F9���!:;�<#d- m ip%
D��$�9� m �!�3#q�!�3�A�!� m 'rOb�!�����<��R

����� 
�% >��
� 
s��� � � �p� >��a! � �p& % >
K��3�q\C'5Z[:0�$4��\���!��a0F9'A��%='>(^)9���&%8�!1��!'qj7�$���!�
:��!GH�$% %=�!�9�<� a0F9'A�Q�3GtKC�!� �!D�� .;�b���!�]4��$%=� �!� '\���2-
�2�&�9�$�7�!��12�nRo)�Ru�2�3� B .;#�#&%8�(C���>���3:�� w��&%=� �����!�
�A�I�!'9:��!)sC.��7�3:��!� m ip%
'9���5�!���9���!�N%=�7���>C��)9�!� '9�9:P���!�



XAR ;�= ?-8�:<8 �HG

pu���N��GH�!� �!�b���!�b:;�$% ��G]�7�!��a0F9'9�<1!�!' 9��>���!��12'9���U�9��4��!��G C.;:;#��&(�)�%=�WOQ�!�9��:;�%Z �$#&% (^)9� ' �$�����6�9�V-
�7�!�e�!']�!�>�!�!'9:��!��RM\�'5Z[:;� '9���]���!�*)Q�$%7(�)9�!C���9D2'9�9:P��'�Z m p nu- m i
%b��#&% \C'�%8:0���A:0%=FA'9�9D2�QO��$�b���3�
'9��%8F9��C'9�A:;#3�6(^)A��a0FA'9��%8'�(^)A�S�7�$(�)2�p�<�3�5Z ��(^)�R � �3�
OQ�<�9�3:��!� 'S�7���7�!� �3�!��1i���3�\�$'5Zm�!���9�!� B �!�7�<�3�5Z ��(^)�-
�7�!� i t�� ����F�.�#&��� �3.�� �2�!� m p nu- m ip%5)A�3�#�!'AG L Kg'9���y�!'AG @K 4��!� '9)9�!��1mOQ�!�N���!�M�2�3� m ip%�!' m a;-�'\�$�����&�A���7�<� B �!�7D2� C'9F5Z[�<R �&C'9� j7�$����a0F9'A�S%8�7�!)9�<�?�A��GH���Q'9�9GT�3�7� �!#34>��� o -8�2�3GH�!�>%=�3.�����#��'/.0.������������ �!�Q�!' ]
�!�*Z�C'A:;'9�9:A1n%8.U�9�A,U��#�#3�F'S.;�7� �!D2�7'9� �!����'A��(�)9:;��Z�C'A)9�7��OQ�!�N���!�UDeC.;�9�9�<��R�KC�3�� �!)9���2�!'9�7��:;D0�!���7�!�T���!� L K�- m i
%�Ob�!���2�!�E���9)��$�������!�x]�'A.;���2��'9�A:a�!'E���<�?�!�������!'9� �3:��!� m p n
m ip%�:;�<# C.0%8�!1q%=.U�A�|,U% (^)9.��?4��!�m���<��a0FA'9��%8'�(^)A�,����� B .�#3#���pu� C�I�<�&%=��.;�j���!� m ip%��!'9��]p�<�*Z C'9:�'9�9:
%=�7�<)��bO��3�\)9�3�2�7�<�7)9�!�b�3G aiF9'9�*9>�!R
KC�3��a0'�(�)9��O��3����Z�C'9�����<�Y]��!�2�7�N��# -u'9�>�H���!��]
.;�7O~C�$�7�N%=4��!�7�<�&(�)U���$%bKC�!�7�<D�� .;��%
%8�!F����N������'A��(�)�-
:;��Z�C'9)A�7�!1 �9�M���3�EG C.;:�#3�&(�)9�!� m i 'S.;G]49������� �3.;�A�!�M'9���`������'S.;G]49�3�>���7��.;��%8D�� �3� �!�7���!�"'9�2�7�!�8-
%7(�)9�3�$�2#3�&(�)T%=�3�>�nRQK��3�$%8�-\��74��!�3��4��$% (^)A�(C���AD��@%=�6(^)�12O���%C������a0F9'9�N%='�(�)9�54��!� �7� "n�<1���'5Zp���!� ]��<��-
�7���$#34��!� �!�&(�)�R

��� � � � &
KC�3�~\C�9F>�;%7%8'9�9:U�2�!�xa0F9'9� F����N��GH�<�7�!���$�*��#3#����!'9��a0F9'A� n�m ' q :;�<)sC.;� �3:;�<� m i
%��<�*Z[.;#�:;�@��'9�N(^)
�!�3�9�<�?�$'5Zb�!�3�A�!G '\��#�GU����-M� ��#3�7�<��4J�<�7'9)9�<�����!�E#3�$��%=�=- %��0'��$�7� -�9���� R�� �kR�KS�$4��!�u�&%8��� j ����9��A�3�!� �
��#&%

� j��� E	� j
������� ����� i ��

������ �����

� j����� � n XAR�� q
OQ.;4��!� %=�6(^)M�2�3��� j����� � �$'�%,���!�M�!���!�!�!#��9�!� m iW-�9��N% �!� :;�!4��!�e1u'9����� j
������� ��� � ���3� \C4>%=�(C�$�����
��#3#��!� m i
% B .;�E���!�~j7�!Ob�!�3#��3:��!�H�$D�� '9�!#�#3�!� �m�3�7F>�����$GH�!� �!�7�H��G pW�����$GH�!� �!�7�N��'9Gg4��$%7(�)9�7�<�349�<R

a0F9'9�N%=� C'>(^D0�01A���!� �!�/)Q�!�3� � C��:����!'9G!� j %=�!)A��:;�7.�,U%=�����n19Ob�!�����<�?�$'�%=:��!#&�$:;�!� � n .;'9� #&�Vb0�!��� �!GH.�-
B �$# q Rh\��9)����>�,���!�WKC�!�7�<D�� .;�74��$% (^)A�7�!��49'9�9:��3� ���!�WKS��� �!��4>���9DPOQ�!�N���!�h]S�3�<#:Z �;(�)�%8�7�7�<'9'9�9:�'9�>�
i �A�!�7:��3� B �!� #3'�%8�b���!� m �!�3#6(^)9�<�U��G K��!�7�!D2�7.��7GU�$�7�!� �&�$#J��GuaiF9'9�*9>�C4��!� C'�(^DA%=�6(^)2�7��:;�<R
KS�����3��a0FA'9�7�!�\��� ;>= ?5AT~�|;�3Gy]
�!�7:�#3�!�6(^)��!'P���!�PKC�!� �!D2�7.;� �!�\���<�m�������<�7�!�qw¢iWp -"i t2FJ�<�7�3GT�!��� �
%7(�)9.;� B .;�@���!��:;� .�,��!�la0F9'9� D���GHGH�<� B �3�!# � �$�7�!� �&��#m�2'9��(�)"�0'9�!�7�<��19�&%8�S�����F)Q�!��C'�(�DA%=�&(�)2�7�3:�'9�9:
���3�$%8�$% � �$�7�!� �&�$#&%Q4��$%=.������!�N%�O��6(^)2�7��:�#NR

� �@? � 	��� � >��%$z� >'& % 
 � � % � & !8� �*%f!~& % >
)Q�&% �<'5�2�3�$%8�!G pu'9�AD���O������C�2'9������(^)\G C.�:;#3�6(^)A�!��aiF9'9�7D��$�����&�A���7�<�5:;�V%='�(�)��<1!.;)9�A�z)Q�<��C'�(�D9%8�&(�)�-
�7�3:�'9�9: B .;� � �!)9�"Z �;(�)!��C�$)9#3'9�A:;�!��1m�nRo)�RYaiF9'9��%8��C'�(�D0�,DeC.;�9�9�<� ��� GH�<)9�7�!� �!� aiF9'9�7D��$�����&�A���7�<�
B �!�7Ob�!�����!�qOQ�!�N���!��R \C'�(�)\D�C.��9�9�!�P49�&% )A�3�!� )9�3�P%=�6(^)\:��!:;�!�>%=�!���7�3:@��'>%7%7(�)9#��3�;,��!�����&a0F9�3�<:;�!# - m i
%

(�zM}+��|"{�¡�{
�����������(|"� :s�(��}��(¦&|s}��(����|"� }��(��|*�*)���}+¥W|"�f��{��)�&��|"{�}+����|"�,+1|"{������7|"���(¦.-1{����(|*����}+�(�7|"���D� zM}+�
{���� ��|"{��0/7{
|*�
��¡¢|*{
��| �T��(�M�({�|"�(|*��|"�(|*����|*��{����)�(|1-1���������(|"�������-�¢|"�7|"�(���7�(� )5�"��7� �7{
| ��}��(�(���)���"�32V��|"{��(|54 ¦6/(�7�
��|
��|�2����(�������({�|"���s¡f|"���7|"���



� P X9R � R`KC��� �A�!'9��a0�7�N��� �!:;���

�2�$% L K �9�!4��!�A�!�3���$�����!� B �!�7Ob�!�����!�@OQ�!�N���!��R ��'9� G]'�,]�!�2��%7(�)9���$���!�EOQ�!�N���!��1�OQ�<#&(�)9�q'\���2-
�2�&�9�$�7�!�Y���!�,O����7D2#3�6(^)9�<�la0F9'9�]�$G �sC�;(�)�%8�7�!�MD0.;GTGH�!��REKS�I�<' Ob�!���2�!�")��$'9F9��% C�;(�)9#3�6(^)h���7�!�'S� �3�7�<�7�3�<�U���9:��!O��$����� 	

� � C'9� j7�$���S�!���!�!�!#��9��a0F9'9�@%=.�#3#3� �!�UG C.;:�#3�6(^)�%8� B ���!#3� m i
% B �!� OQ�!�>���!�QOb�!���2�!��R

� KC�3� L �$%7�$G_�>�$��)A#����!�xaiF9'9�7�<�?%8.;#�#�GU�It2�3GU�$#�%=�<�3��R

� L %8� Z C'9���!Ob�!�q%=�&(�)U�$'�%7% (^)9#��3�;,��!����� ' �$�����6�9��� �!�E���3�-]q�$)9#��2�!� m i
%Q:;#3�<�&(�)_:��7.�,A1J'A���H�&%=�
��'�(�)������ L �$% ��G]�?�$�$)9#m���!��G C.;:�#3�6(^)9�<�<a0F9'9� �!�YZ C'A�C4��!�6���q'\���>���&�9�$�7�!�E:;#��!�&(�)U:;�7.�,91�%8.
�!���N%7(�)9�!�6���!�,�A�;%54��$%7%8�!�7� n D�#��!�3�9�<�7� q � j � �SK � j 1 Ob�!#&(�)9�!� ' �$�����6�9���,�!�>��:¢C'9#��7��: B �!�=-
OQ�!���2�!��O��3�N�nR

\�G iu�����b���$%n�!�N%=� �!�PKC'9��(�)9#6��'5Z %����V% � �!)9���2�!'9�7��:;D0�!����%8F9�7.O�!�$%7%8.;�N%JO��3�N�S:;�!F9��C'5Z[�!1$.;4 m �!�3#��
���!�
B �<�7OQ.��*Z[�!�A�!�F' �$�����6�9��� �!�,�9.2(�) B �!� OQ�!���2�!��OQ�!�N���!�PD�C.��9�9�!� n �7�V( . B �!�£b@%=�N��:;� q R
KS�B�!',G C'�% %=�!�
%8�3� o - ���3GT�!��%=��.;���$#3� L �5Z[.��7GU�$�7�3.��54��$%8�3�?�<�!�_'A���_�sC'9�*Z[�!�]�9�6(^)2�
��'9�N(^)]�2�3�@%7(�)9.;�T��'�%8:;�!O~C�$)9#3� �!�'\�$�����&�A���7�<����'>%=:;�V%7(�)9#3.i%7%=�<��%=�<�3��R

�\�j%(!~&�%%& ����& %�� % � �z%�> > � >��

�&C'9�,�����_GT�!�&%8�7�!�la0'A4�-8K��!�7�!D2�7.��7�!�f��' ,;�!� ���!� m p n��6%=�5�V%/��� )Q�<�7�!�6(^)9�<��GH�3�S:��7.�,;�!��a0F9'9�8-
�2�&(�)�� ��%7(�)2O��3�!� �3:91�aiF9'9��%8��C'�(�D0�Q�<�3:;�<��%=�!C��������:��!'�9������!�e10�9�\���3� � - ���3GT�!��%=��.;���$#3� \C'�%8#3�$%8���9�$�9�
B �3�<#3�h'S.;G]49������� �3.;�>%=G C.�:;#3�6(7)9D0�!� �7�<�e�!'9#"C�A,;�<R L �>%=4��$%=.������!� �\�3GP]p.��7O~C�$�7��%84��!�7�!�6(^)U���?�2�!� �Mn*)
�6%=�@���3�~a0�3� '���� �3.;� �!'�% C���?�<#3�&(�)U��'A��(�) aiF9'9�7�<�?�$'�% ` �$(�)�%=�!#�O��3� D�'9�A:;�!�]GH�3� ���!G B .������!���Mn*)
4���9>����#3�6(^)A�!�"K��!�7�!D2�7.��7GU�$�7�!� �&�$#u�!��% (^)2OQ�<�7�!R � ���P���!�M% (^)9.��"4��$%=� �!)9�!�>���!�_a0F9'9� �!�M��#6%�\C��-
)>��#3�N%=F9'A�9D��@�&%=���$%��9���A��)sC��'59>:aG C.;:;#��&(�)�1��A.2(^)E�!�3� a0F9'9�N%=��C'>(^DU4��!�8�<'9�7�N��:;�<�?.2���!�/%7(�)9.;�E4J�L-
%8�7�!)A�!������a0F9'A��%=��C'�(�D0�S�9.2(�)X�!' B �!� 4J�V%7%=�<�7��R

L �T���3�V%=�!�Wpu)���%=�SOb�!���2�!�]��'�(�)T���3�xa0FA'9�7F9'A�9D�� �S�2�$%p]p�<�7�7��tZ- KC�!� �!D�� .;�N%u���!��a0F9'9� �!�s�!'9:;�<.;���0-
�A�!�!R�iu���9�,%8FJ���!�3�!#�#3��B�.;'A�7�3�A�5%8�7�!#�#3��%8�&(�)9�!�!1A�9�|, \S%7%8.,�!�6���7��.;�9�<� B .;� a0F9'9� F9'9�9D2�7�<����'>%C�$#3#3�<�
�2�7�!��wq�$:;�!� ���$%�]\K":;�!:��!� C'94��!�s\S% %=.O�!�&�$�7�3.��9�!� B .;��a0F9'9� F9'9�9D2�7�<�5�$'�%�OQ�!�9��:;�!�e��#6% ��� �!��wq�$:;�!�
4�� B .��?�!'A:;�SOb�!�����<�a'A����j7�$���!�xaiF9'9�7FA'9�9D2�S��'A�C�!���9GU�$# B �!� OQ�!���2�!�QO������nR � �!)9�N���!'9� �3:�D0�!�3� �!�
Ob�!���2�!�U�3�E���3�V%=�!�/p )>�;%=�P�9�&(�)2�QGH�!)A���!'9:��!#&��%7%8�!��R

� ��� � 
� � ��� � � �������;� � 
�

K��!� 'A��%=FA� C'9�9:�#3�6(^)9� \C�>%7���>���3� ;�= ?-8�:<8 ��'9�>�!�7�l����� ' �$F��I�<�3� C�$���2�$%`KC�!� �!D�� .;�N% �9�6(^)2�
B .�#3#6%=�(C�$������:M��'�%LR�KC�3� a0F9'9�N%='�(�)9��O ���^�!' %=�N���7D B .;� ���<� m p n �2.;GH���9�3�!� �����2�!�W]\K '9���
�2�!� L KrO�'9�N���!�U�9�&(�)2�Q)9���9�7�!�6(^)A�!���,�!�3�24��.�!.;:��!��R
KS�VZ�C'9��:0��4E�$%QGH�!)A�7�!� � J ����Ob�!�&%8� 	

� KC�3��a0F9'A�7���K�!�3�<�!�S)��$�7�7�P%8����� D0�~i ����4A��C'�(�)9�\�$�����!� m p n a0�<D�� .;�7:��7�!�H�!�!��R

y	� z�
�����|"�V���"��(���({�|W��}+�(���(|*��
7��|"{��(|"{��������)}+�(| 9 |"�(��� �7� �7¦���|"�f�+�1�(|"����|"|"�M��������|"|"�(��¦ @



XAR ;�= ?-8�:<8 ��U

� A �9�!� O��$�7�7�<� B �3�!#���a0FA'9�7�!�E�!�2�7)9���!#3� �!� Z �$#&% (^)9�@'9�����<'aOb�!�9��:;� ]\K a0F9'9� F9'9�9D2�7�iR
� ]S�3�<#3�xa0F9'A�7F9'9�AD�� �\���$%z]\K '9���<a0F9'9�N%=��C'�(^D0�@���$% L K 4A#3�3�<4J�<�_����(^)E���<�����!�&a0F9'9�N%='�(�)9�

'9����%7%=.O�!�3���!�7���<'9��C'�(�D
KC'9��(�)x�$��)A#3�7�<�&(�)9� \C����#�b9%8�!��1!���,���������!��]/K �!���9:;�!4A'9�����!�P�&%8���!1�)����
%8�&(�)P�9�;%f]
�!�N%=�!C�������A�&%m���$%]\Kr��GHGH�!�bOQ�!���7�!� B �!�74��$% %=�!� �!R@KC�3��)Q�$�2�!'9�7'A�9: Z�C'A�\���3��pu)�b9%8�3D����>��#3bA%=�<�?�&%8�SD0.;�2�7����'A�3�!� #3�&(�)
:;�!O �;(�)�%=�!�eR iu��%8�C�>�;(�)?'9���U���;(�)?O�'A�����PD�#6���!19O����P%=���$�7DE�����5�$GJp � .2��'9D2�7��.;��% B �!�7� �.tH:;�<:;� -
4J�<�9�!�la0F9'A�7F��$����GT�!�7�!�/��'9��(�)*���!��]/K ��.�GH�3�A�3�!� ��OQ�!�N���!��R,K��$%=)��$#34*O�'9���2�,�9�&(�)��@��'9�/���!�]p�<�7�7��tZ- KC�!� �!D�� .;�@%=�!#�4�%=� %7�$G_�-ai.7Z[�8O��$�7�s�!'9�q)Q�V%=�7��GHG,'9�9:T���!�~pu'9�9D2�=-M'S.0.;�N���3���$�7�!� n �����$%=��&%=�\� �$(^)2�\�$'5Z[OQ�!�>���3: q 1u%8.;���2�!�7�M�$'�(�)M���3� B�.;'9� �3�9�!�:�!'9�~\S% %=.O�!�&�$�7�3.��M���!�h]\Kta0F9'9� F9'9�9D2�7�
B �!�74��$% %=�!� �!R �S�;(�)����!G �!'9�sC��(^)�%8�CGT�3��K�a m -k4>�;%=���!�7� �!� � �!� )9.2���!�E'9��� �!��%8'�(�)���O�'9�N���01��3�2O��3� -
OQ�!���5GU�$� a0F9'9� �!� .�)9�9� m p nu- m i 9����2�!�MD;�$�9� �
� � �k1
O�'9�����E�9�$���$'5ZP��'�Z[4���'9�<���`���3�T�9�!'9�
a0F9'9�N%='�(�)9�xZ�C'9�x;>=@?-8;: 8��!�2�8O��&(�D0�!#3�<R

]��3�!#2���<� ` �!�3� �!�7�<���8O��&(�D2#3'9�9:bO��$�u�$% 1i���3� ��#3#�:;�!GT�!�3�9� i��K�!���!�!�b���!� aiF9'9��%8'�(�)9���!' B �<�74��$%7%8�!�7�e1
���!� ]\Kr4��$% %=�!���!���!�!'94��.�!���!)9�!�e1�'9���?:�#3�!�6(^)H�!�!�3� �3:P��'>(^) a0F9'9� �!�X�!'�9������<��1����3�P)��;�2�7.;�A�&%7(�)9�
` �$(�)�%8�!#3O����7D2'9�9:;�<�_GH�������<G KC�<�7�!D2�7.��7GU�$�7�!� �&��#��!���9:;�<:0���A:;�!�j%=�3�>�nR

=x!�% > % ��% ��� � � � ��� 
�%
B�.�49'�%=� )9�!���Q�&%8�Q�!���_O��6(^)2�7��:;�$% � �!� D�GI��#A���!�Q�A�!'9�!�<aiF9'9��%8'�(�)9�0R )Q�!:��MC'9:;� �SGU�$�H%8�&(�)_4��!�e���!�
��#3� �!��]p�<��%=��.;�U�A��GH���!1;�!���9�$% B .;�TGH�!)9� �!�7�!�,G C.;:;#��&(�)9�!�F]p�<�*Z ��)A�7�!�^�<' B �!� OQ�!�>���!��12%=.POQ�!�N���!�
4J�<�����!���A�!'9�!�ka0'�(�)9�SG C.;:;#��&(�)�%=� B ���!#3� � �!� )9.2���!�UF9� .;49���!�7��'9�>�a�$Gtiu������� 4���%=�3�<�7�!���U�$'5Z
�!�3�9�<G G C.�:;#3�6(^)>%=� B .;#3#6%=�!C��������:;�!� L �5Z[.;� GU��� �3.���%7% (^)��$�?��� ���!�
4��$%8�7�\�$'�%=:��!O~C��)9#��!R a0.�#3#��7���!�3�9�<�
���!� \C��%VC�$�?�!�i1C%8�!���$%H��'9�N(^)Y�7�!GTFJ.��(C�$�7�?.2�2�!�HD0.;�>%=�7� '9D2�7�3.���%=4��$�2�3�9:��7�*KC�!� �!D2�7.;�N%7(�)�O~C��(^)A�!�
.2���!�]��'9�N(^) ` �$(�)�%=�!#�O��3� D�'9�A:;�!�M�2�!� m �<�3#&(�)9�!�*�3G KC�!�7�<D�� .;� B .�#3'9GT�!��1��3�M�!���!�!�!#��9�!�j��C�$#3#��!�
B �!��% ��:;�<��19%8._D����A������� aiF9'9�����!�A�9.2(^)[C'94��!���!���9�!�U�$�����!� �!�k\C�>%7���>�\�7�!D0.���%=� �7'9���!�7�bOQ�!�N���!��R

KC�3� B �<��%7(�)9���$���!�9�<�o\C�>%VC���>�!�\�!�7:��!4��!�E%=�6(^)E��'9�N(^)U'9�2�7�<��%7(�)9���$��#3�6(7)9�xa0�N���7� F9'9�9D2�7� ���!�xa0'>(^)9�iR
i ���U'9� B .�#3#6%=�(C�$������:5:;�<GH�$%7%8�!�9�$%�a0�7'A��%=��C'�(�DHD����9�j��'9��(�)��$'�%����3� L �$% ��G]�7GH�$% %='9�A: �<�3�9�!�&a0F9'9�
�9.2(^) B �!� 4��$%7%8�!�7��1A��4��!���$%QOQ.�G C.;:�#3�6(^)H'A�!�!'9� �!�&(�)9�!���q1Z�<�3�9��a0F9'A��%='>(^)9�P�9� B .��?�$'�%=:��!)9�!�>���!'
%=���$�7� �!��R L ��%=4��$%8.;�����<�7��O��3�N� 4��!���!OQ�<�xa0'�(�)���� �7�!� ���!��]\K Z[��C'9)!�!�!���7��:��3�`�2�3� ai'�(^)A�aGT�3�=-
�!�3�24��.�!.;:��!��R�K@�;��'9�N(^)MO������M���3�T)9.;)9� \C'�Zk#TC.0%='A�9:*���$%v]\Kg��'9�Y�$'�(^)��!'A� a0'�(�)9�H'A���#�!'9�)Q�!)����>��#3'9�A:,���!� � �<)9�����<'9�7��:;D0�!���7�!�]���<�%a0F9'A�7�!�U�!���9:;�$%8�!�?�<�!RS]�'/)Q�!:��3�9�I���!�%ai'�(^)A�SOQ�!�N���!�
��'9�T�3�^�!Ob�!�qKC'9�N(^)9: C���9:��!�E���3� m p nu- m i
%�'9���U����� L K�- m i
%QGH�3�b���!�E�Q- uQa0F9'A�7F9'9�AD�� �!�E���$%]\K �!'W]
.��7D������2�&�9�$�7�!�E�;% %=.O�!�3���!�7�<RM\C#6% \C'�%8:0�$�9:0%8F9'9�9D2�S�2�!�%a0'>(^)9�@OQ�!�N���!�H�9�6(^)2�
GH�!)9�
�2'9�
���3� m p/n a0FA'9��%8��C'�(�D0�01q%=.;�>���!�7� B .;�@��#�#3�!G �����$%=�F]
.;�7D��$�����&�A���7�<� B �!�7Ob�!�����!�<R L ���2�!� \S%7%8.�-�!�&�$�7�3.���%=D2�7���7�!� �3�!�x�!'A� ]
�!� D�� C'9F5Z['9�9:/���!� m i
% �<'Ya0FA'9�7D����>���&�9�$�7�!�]OQ�<�����!�,�>�;(�) � C.�:;#3�6(^)AD0�!�3�
���3� � �n,�-
'9�>�<i t�� ���$FJ.�#&�$�7�3.���%TZ[�<)9#3�!��GT�3�74��!��C'�(�D9%8�&(�)�� �d:��!R
KS��GH���m���3�/\C'�%8O���)A#����!�m�!����:¢C'9#3� �3:��!�oa0F9'9� �!�,:;�V%=��C'A�?�!�W��'5Z �9�;%m:;�$% ��G]�7��iu� :;�!49�A�&%u���<�Sa0FA'9�=-
%='�(�)9�S:��!�7� .)"q�!�?Ob�!���2�!�HD����9�e19GlC'�%7%8�!�HGH�<)9�7�!� �xiu�2��% (^)9�<�&��'9�A:;�!�HO~C�$)9�7�<���?���<�%a0'�(�)9� B .;�8-

�DzM}+� ��{��(�o�����/}����
|*¦ :h��}+���V��|*�*) ��|"{��(|"�7|"���(|"�	�Mz �"�(� :h�V� � ������(�(�-�(|"�&��|*� ���}��
��|%������
 }��(�����(|"��¦%{��
����h��}��02V����|"��¡¢|*�(�(|"�h¡�{
�����



o � X9R � R`KC��� �A�!'9��a0�7�N��� �!:;���

�<��%=��.)"q�!�U:��!#&��%7%=�<�?OQ�<�����!�eR

aiF9'9��%8��C'�(�D0�E���!� m p n�1b���3�U'9�2�7�!� �!�3�>�������<�5�!���9�!�j]
�!�7� �.t 4A�3#&�2�!���!1bOQ�!�N���!� B .��`���!�oai'�(^)A�
�$'�%=:��$%7(�)9#�.0%7%8�!��1u'9G �<' B �!� )9�3�>���!�7�e1��9�|,j%=���_GH���S�!���!�!�!#��9�!�i]/K�-£aiF9'9�7FA'9�9D2�7�!�".2�2�!� C'949�7��:
4A#3�!��4J�<�����!� L K�- m ip%��;% %=.O�!�3���!�7��Ob�!�����<��R

��%�� �F% � � % � �C>��z%�> �z# � � � � � &
K@� �2�3�la0F9'A��%='>(^)9�*%8.Y��'�%8:;�!#��!:;�U�&%8�!1��9�A, %8�3��G C.�:;#��&(�)�%=�]�$#3#3� m i
%H�3�`�<�3�9�!� '\�������6�9��� �!�
GT�3�H�!����4��.�<�3�!)2�!1������M�9�I�<'�:;�!) C.;�7�<��D C.��9�2�7�!��1S�6%=�U�$%UO��&(�)�� �3:91����;(�)9)9�<�?�9.2(�)��!���9GU��#@�����]
�!� �7� C��:;#��&(�)9D0�!��� �<' FA� C'5Z[�!�eR KC�<G�]
�!�*Z �$)9�7�!���!'A��\C'�%=#6��:��!�7'9�A: B .�� aiF9'9��%8� C'�(�D0�!�MD0.;GTG_�
�2�$%=)��$#34 �!�3�A�?:;� .�,�� )Q�$�2�!'9�7'A�9:#�!'�R A ��%=FA� C'9�9:�#3�6(^)YO�'9�����<� 4��!�h'\�$�����&�A���7�<��1����!�7�<�	� j -
` ��)A��%7(�)9�!���9#3�6(^)AD0�!�3���!'*D2#3�!����O����<1u%8.;#&(�)9� m i
% 1
�2�3�,�!���9�!�Q�!'*:;� .�,;�<� )Q�<�3�7�N��:^�<'9G'� j #��3� -
Z[�<�7��1W��'�%8:;�!#6��:;�<�7�!R*KS�E�9�;%q�m�3�7�<�7:;�<49�9�&%L1m��'5Z/�9�;%P%=�6(^)f�9�;% � j 4��.�<�3�!)2�!1m��4��!�]% (^)A.;�M��'A��(�)
�2�3�\% (^)9#��$(�)�� � n � q m i n % q ��.�GH�3�A�3�!� �uOQ.������!�I%=�!���HD�C.��9�2�7�012�&%=� ���3�V% D0�<�3�]:;'9� �$% 'S�7�3� �!�7��'9G�R L G
�A�!'9�!� ]
�!�"Z ��)9� �!��1mOQ�!�N���!�*�3�M%8.;#&(�)9�!� ��C��#�#3�!�f���!�~B��!�3)9�]����(^)M�$#3#�� m i
% n %8.$OQ�!���5G C.�:;#3�6(^) q
�$'�%=:��!#&�$:;�!� �!1n'A���?%8.U���3�P�$G % (^)A#3�$(�)�� �$%=� �!�HF���%7%8�!����� m i :;��Z['9�>���!��R�KC���$%QO��3�N�a4��!� )Q�$�9���"Z
O����$���!� )9.;#��!REKC�3� m ip%L1 B .;�M�2�!�9�!�f���3� a0'�(�)9�H�$'�%=:��!:0�$�9:;�<� �&%8�!1W�hC'9�*Z[�<�"�9�&(�)2�5�$'�%=:��!#&�$:;�!� �
Ob�!���2�!��RSai.;#3#��7� ���3� � j - ` ��)9�N%7(�)9�!���9#3�6(^)9D0�<�3��GH�3�m�2�!�Sai����� �=- m i �9�6(^)2��)9�3�A�7�!�6(^)9�<���\%=�!����1;% (^)A�!�d-
� �!�7���2�!�xa0F9'9�"9��!R
K��3� m i
% ���V%T]\K '9���P���$% L K"G C'�% %=�!� B .������<G a0F9'9�"9����!�N%=���3�>%h;�= ?�A ~�|d-M'/.0.������������ �!��%"b9%8�7�!G
� ���$��%TZ[.��7GH���!�7��Ob�!�����<��R�KS�H�����5�2�!� m ���$��%TZ[.��7GU�$�7��.;�Q�!'9:��7'9�>���5#��3�!:��!�����~i t�� ���$FJ.�#&�$�7�3.����3G
�$#3#�:;�!GH�<�3�9�!�M�9�6(^)2�]GH�3�T���!G i � :;�!4A�9�&%U���!� \C�9F���%7%='A�9: C'94��!�7�!����%=� �3GHG]���81CO������ ����(^) ���!�
�<��%=� �!� \C�9F>�;%7%8'9�9:E����� m �����>%TZ[.;� GU��� �3.���'9�������!��a0F9'A�*9��SO����$���!� )9.;#��!1�'9G �!�3�ED0.;��%8�&%8�7�!�2�7�$%
iu� :;�!49�A�&%��!'U�!�7)��$#3� �!��R

]�'A��)Q�!��C'�(�DA%=�&(�)2�7�3:�'9�9:E���!�q]@�3�!#,Z �;(�)�%=� �7�!'9'A�9:��$�`���!� � �$�7�!� �&��#,Zk#TC�;(�)9�!�f���$%]KC�!� �!D�� .;�N%5�!�=-
#6��'94A�����!�&a0F9'9�"9��!1A�9�|,]�2�3� m �N�Vj7�!D2�7.;� �3�!�]�3�I���!����-��;-"iu4��!�9�u�!'�%7�$GHGH�!�A:;�$%8�!�?�!� � 'S�7�<�&%=4FC.;:;�<�
%8�3���q1ZOb.;4��!�9D2#3�<�3�9� '/�A�&(�D0���!O��6%7(�)9�!�,�2�!��) C.;:��!�_�<�7#&�$'949�
%8�3���q1Z'A���,%=�6(^)]���<�WBC�����3'>% �<'9� )Q� -
% (^)A�7�!��49'9�9: ���$% iu�9�<�7:;��� B �!� #3'�%8�7�$% �>�;(�)H�$'�,;�!�U)9��� B �<�7D2#3�!���9�!�7�,D��$�9��R � C'9�/i t�� ����F�.�#&��� �3.��9�!�
O������,�9��%u�.t9�$D�� ��iu�7:��!49�9�6%u���$%Wa0F9'9�"9���%u�$�H�2�!� � ��� �!�7�6��#:Z # C��(^)A�!�\:;�!�2'9�?�<�!1;O �;% ����%=4��$%8.;�����<�7�
��G ]
.;� O C��� ��%=4��!� �!�&(�),'9���]�3�]���!� � b0.;�AD;�$GHGH�L�7��1$�2�3�&pu� C�B�!�&%8�3.;�T���!� i t2�7���$F�.;#&�$�7��.;�9�!�T%=�N��� D
B �<�74��$%7%8�!�7�<R

K@� �2�3��\�����#�b9%8�����!�WKS�$�7�!�,��G �$#3#�:;�!GH�<�3�9�!�/���!� '/#TC��� '9�9:\���<�Wpu�7.,�<�$%7%8����GlF9�7��G C��� �!�h]
�!�7� �.t
�2�3�!�2�!1�%8�3���*�����oa0F9'9� F����N��GH�!� �!�\�$�"���<� ���9�9�!�N%=� �!�*��'9�N(^)"�0'9�!� �7�!� � ��� �!�7�6��# �hC�;(�)9�]����9��A�3�!� �!1
�$'�(�)5OQ�<�9�x�0R )SRL�����p���9�9�!�N%=� �zwq��:������$%�]\K"�9�6(^)2���$�5�2�!�sB��<D0.;��%8�7�7'AD�� �3.;�\� �!�3#�:;�!�9.�GHGH�L�C)>���!R
K��3�$%Q�6%=���A���9� B .;� )Q�$�2�!'9�7'A�9:912OQ�!�9�E�����-a0F9'A���!�3�9�V%p:;�<#&�;�2�!�9�!� m �!��#&(�)9�!��%u���$��% C�;(�)9#3�6(^)H�<��%=�
���9�9�!� )���#�4,���V% %8�!��%=���7� B �!�h]p.�#3'9GT�!��%����$%mKC�!� �!D2�7.;�N% 4��!:��3�9�2�!1$O��3�b�$%�4J�<��' w� -q'9���
	
-£]��!�"Z C��#�#3�!�
) C��'59�: ���!�/����#�#S�&%8�!RgKS� %8�&(�) ���3� i t2�7�N��F�.;#6���7��.;���2�!�ka0F9'9� �!� �!'9G pu�7��G C��� B �!�7� �.t"�9�6(^)2�

��1�¢¡�{�������}+�)� ��� ��� }��(�({���}���|"� 9 ��{�|"�7|��W}�/({���|"��� @ ) 2���� ��|"����{�|"����|"� -1�7�������(|"�%�(�(����}��(�����({����)�(|"� � |"����{��"|"���|"���(�)� �£�
�*zs{�| :s�V¡f|"{��)� �7�(� 2�}��(�x��|*{�� /(�7��|"��{�¦ �@����¡W�}���������|"��|"{��)��¦%|"�(��|*��|M�"¦ ��|"����}���|"���



XAR ;�= ?-8�:<8 o �

B .;#3#6%=�!C��������:S��C'>(^D2: C�$�9:;��:5GU��(^)9�<�5#&��%7%8�!� [ 10OQ�!�N���!�T���!� \C���$#3bA%=�����H%8.;#&(�)9�!� ��C�$#3#3�<�e�!'�%VC�$�?�!#��&(�)
���3� aiF9'9�7F>�����$GH�!� �!���$G��!��%8�7�!�\:��!GH�$% %=�!�9�<��a0FA'9�7F9'A�9D��m'9����B�.;'9� �3�9�<� �<'9�si t�� ����F�.�#&��� �3.��v�!'
4J�<#3�3�<49�3:��!� BC�����3�!�k�!O��6%7(�)9�!�j���!G �!�N%=� �!�?:��!GH�$% %=�!�9�<� aiF9'9�7FA'9�9D2�C'9�>�����!GJpu�7�3G C��� B �<�7�7��t�!'9� ]
�!�*Z�C'A:;'9�9:,:��$%=� �!#3#��!R

\C�5GH�<)9�7�!� �!��a0�7�<#3#3�<�5�2�!� a0'�(�)9�b�&%=�W�$% O��&(�)2�7�3:��<',�!���N%7(�)9�!�6���!��1!.�4]���!� a0FA'9�*9��W�!�3�9�V%f'\���>���d-
�9��� �!�U%=���9� B .;#3#��6%=��.2���!���A�&(�)��<R K��3� C\C�>���!�7'A�9:;�!�U���U���!�&a0'�(�)9�S'9���H���U���!� )Q�!)����>��#3'9�A:]���!�� �!)9���2�!'9�7��:;D0�!���7�!�]�!�"Z[.;���2�!�7�E��'>(^)E�!�3�9�@:;�!���$'9��\�4�%=� �3GHG,'9�A:,���!���<'?�2�3�$%8�!�&iu���N%7(�)9�!�&�2'9�9:
B �!�7Ob�!�����!� �!� )Q�$���3�A:;'9�9:��!��R
KC���F)Q�$���3�A:;'9�9:��!�HOb�!�����<� �>�.t���4��!#n:��!)����>��)���4A�!1q%=.T�9�|, '\����-
���&�9�$�7�!�e1
���3�U�$�5Z ���A:0%,�9.2(^)��!'A��C'�(�D�:��!O��3�V%=�!�*OQ�!�N���!��1m�3�M�!���9�!�P%=FsC�$�7�!� �!�[pu)��;%8�01pOb�!�9�M%8�3�
�9.2(^)]�3GTGH� �m�9�6(^)2�u�2'9��(�)H�$�����!� � '\�$�����&�A���7�<�U��'�%8:;�$% (^)A#3.0% %=�!�]O�'9�N���!��1��!'9:;�<#&�;% %=�!�]OQ�<�����!�eR

& % 
 � � % � & !=��*%f!~& % > � %������ � � %�>
i ���9�$%\���!�\4��!�6���!�*O��&(�)�� �3:0%8�7�!� iu�2��% (^)9�<�&��'9�A:0%=D2�7���7�!� �3'9GR�!O��6%7(�)9�!�*%8�&(�)QC'94��!�N%7(�)9�9�!�6���!���2�!�
a0F9'9� �!�UO�����4A�&%=)A�!�����3�~]q��)9#m���<���!��� )���#��7�!�A�!�<a0F9'A��%=� C'�(�D0�0R
KS��4��!��O�'A�����!�E�$#3#3��a0FA'9��%8� C'�(�D0�
:;#3�<�&(�) :��!O��&(�)2�7�!�<R�KC�!� L �!O����9� ��� � �;,;:��!���$'9�3:�D0�!�3�T��'9�N(^) �����kiu�3�24��.�!���!)�'A�9: B .�� ]/K�-
p 'A�9D�� �!���&%8�P��4��!�\'9�9:�#3�!�6(^)�:�� C.�,��!�P��#6% �2�!�P��'9��(�)*������i ����4��.�<�3�!)2'9�9:H�<�3�9�!� L K�- m i�R(�9�!�7�9�<�
)���������� C'94��!�7O����!:;�!�>��� � �!)9�7)A�!�3�b���!�xaiF9'9�7�<��1����3�P�$'�%C�2�!Gu] w -D]��!�"Z ��#3#q)9�!� B .;�7:��!)9�!�e1�D2#3�!���9�L GTF���D2�7F��$���$GH�!�7�<�!1��nRo)�R"%8�3�UD0.;GTGH�!�*��'>%,���!� � C�$)9�E���$%-pu� �3G C�$� B �!� �7�.tqR L G ]�Ob�!�:Z[�<#&%TZ �$#3#
%=�3�>� �$#&%=. a0F9'9� �!�*GH�3��D�#��!�3�A�!� L GHF���D2�7F>�����$GH�!� �!�7�~j7�!�9�<� GH���S:;� .�,��!� B .;�>�!'!�!���!)9�!�eR,KS�I�<'
O��3���H�2'9���$#3#��!�ka0F9'9� D;�$�����6�9��� �!�?'9�2�7�<��)Q�!��C'�(�DA%=�&(�)2�7�3:�'9�9: ���!� m i -£]�'>%7��GTGH�!��%8�!�?�!'A�9:91A���!�L GTF���D2�7F��$���$GH�!�7�<��'9���*���!�1� j - ` ��)A��%7(�)9�!���9#3�6(^)AD0�!�3���!��� pu'9�9D2�=Ob�!�7�u�!'9:;�<O��3�$%8�!��1m��'5Z[:��7'9�>�
���$%7%8�!�E�9���A��������\C'�%8O���)A#�:;�!� �7.)"q�!�EO��3�N�nR

o wq��:;�<�����$%z]/K L K m p/n � n \ � n*)'\�������6�9���1� ]\K � ]\K � L K � n)m p n6� q � n \ � � n*)��'\�������6�9��� � L K � m p/n6�

� �(�H�+	
	�� �����V�����(���������V ��<��#" �8�� ����#"���+�( "	����+� � � �����+#"��� �h�+��#	�����+	~����'�
�����(��	������������(���������V ��
� �,')�����+��8��+� �(|� ��'"����<�+�,����'x#"�+��	��+���7 "�����o�+#"#D����o8�����'&�+�,����'x#*����	��+�+�( "���<���#D')���+�( £���� ���+#�$�� 4
 *��6( "8�')#��3#*����	��+�+�( "�+#��V	��������x���7 	�%����� ����� 4K� � �,� �����'��� �
��' ���+6(�(���S�
�+#*���! s#"8o6��(���<�+#"
�<�+�,����'
$�8#�����+	$
A��(��	,���� 6V8���� ���! ��M�����k�,� ����'F	��h�� D|� ������'���|� 	e�8(#D�����%(8��&�o����')����� "����6V�+�� "��� ����� �
#*�+	 ��#* ��(������� �+�,���W	��������'~����	����+ �� � #���#" ����+#D���V	,�&%(��'"��87 "��� � � #' s�������,�t�����'��� ~�+�,����'����(���V�+�
�7�#"�(������(��	� "���������' �(�#"�7�+	 �!�(��') �� �'T�����! ��,������' 	��5�� D|� �(�S�
�+����')
�#%(��'*�M���������1�
KC�3� m ��4��!#�#3�!�kXAR��,'9���kX9R � �<��� )���#��7�!�Q�!Ob�!� )Q�!�6%=F9���!#3�\GH���CD2�7���7�6%7(�)9�!���/C��#3#��!��1��2�3�]��'>(^)f���!�
%=���$�7D0�!� ]�'>%7��GTGH�!�9)��$�9:*GH�3�]���<� B .;�7)A�!�7:��!)9�!���2�!� a2(�)9�7���7�7�<� �!�!��:;�!�eR i
%H�&%8�U�9��4��!�/���3�
p � .;49#��!GU�$�7�3D]�2�!� m �<�3#3D��$�����&�A���7�<� B .��U4J�V%=.;�>���!�7�<�i)Q�V���!'9� '9�9:9R

KS�;%_FA�7.;FA)5b2#&�$D�� �&%7(�)9� \C�9#��!:;�<� B .�� m �!�3#�D��������6�9��� �!� O~C�$)9�7�<���`���!��a0F9'9�N%='�(�)9�ED;�$�9� �!O ���
GU����(�)9�\�2�!�C�>�;(�)*���!��a0'�(�)9�P��'5Z[� �7�!� �!�����!��pu�7.;4A#3�!GH�\#TC.0%=�<��1J�6%=�@��4��!�S4��!�mGU�$��(^)A�!� i � �!�3:$-

+ 4 �V��|*�����7�(|"��| �({�| �!,V���)}�/����,}+��{
���&�(|*� � �+��}���{,}+�7�"¦q}�����{$, {������({��)�V�¢�(¦ 2�|"�7����}��D�



o � X9R � R`KC��� �A�!'9��a0�7�N��� �!:;���

o wq��:��!���2�$%z]\K L K m p n �Mn \ �Mn*)' �$�����6�9��� � ]/K � ]/K � ]/K o L K � m p n6�' �$�����6�9��� � ]/K%X ]/K R L K � m p n � �Mn \ � �Mn*)��' �$�����6�9��� o ]/K%X ]/K R m p n �

� �(�H�+	�	
�����
	���$����+#"�+# �h�+��#	�����+	M��')	 ��(� "��') %����� � ')8���	������V "�,6 ����' � �+��	,6��(���������V "��� � ���(���������V �� � ��� �
%(8������(���������V 	 �� f���
�����'T���<����� %(��')#*�������+�������������7'"�V	�	��+	
���l����+�����<�,��#D���+#"8�������')���,� �� ����')	,� ���

��W��#"�������7�1���( £'"�V	 4 �������8�'*����('T "#D����'T�+�
�+� ��'*����V�+��#" �� �"�x���� � 	�#"�+����� ����� 'T���V	���� �����'T���! !� 8����+�
�+#~�����'"������	������ ��#"  h8���� $�� 
� �"�-8�����'"
� � 	o�(�����8�'T ��o�/���7����8����x��� �"����'*����V	� ������ ���8(�+��#" "�
� ���67 
��(��	  f���(�����W�,')�o���V���')�+��
������V�+��#" "� 	��(�#"�(�+#"�+��	�8(#"#"���Y���� 69�8����( "�x��')#* �� � ����'�	�� �� D|� �  
���V����������� $�� �7�#"�(�+	,�V�(��') � �')���  M#*�+	
��67 "����') �M��')�����1���s��#����(���,� ��#" ��(�H��'�#"�+��8�� �����(���+��(��	� 
� 8�')�����1� � �,��
��M�+��#" D ���(��' � 'T8 
+�+#"#"8�'�6��8����7 "�������+#"����� �V	�	M���' ���( "#*�����+�������! �M����� � 	 
��# ��V 
+	������
��8��+���+�,�����V	@8������	� $��(%(8�'"���7������� ����(')�(�
�A�&%7%8�!� GT�3�,)9.�)9�!��a0F9'9�N���&(�)�� �U'9���h- � '9#��7�3FA#3�8�<�3�(C�$�,%8."�3�9� �^�!���!�2�!1u�A�|,M�����k\C'�Zk#TC.0%='A�9:M���!�� �<)9�����<'9�7��:;D0�!���7�!������(^)f���!� CA 4��!��% (^)A�7�!���7'9�9:T�!�3�9�<�-B��$(�)9�!�!�<�!�3� :;�7�<�!�!�,�$49:;�<49�7.2(�)9�!�"O������nR
K��3���!�"Z[.;���2�!�7#��&(�)9�WB��$(^)A�!�!�!�!�����!'A�W\C'5Z #"C.i%='9�9:/���!� � �!)A�����!'A�7�3:�D0�!�3� �!� B .��erH%8�&(�)5'9�2�7�!� �!�3�>����-
�2�!�
��'>%7%7(�)9#��3�;,��!�����!� '\�������6�9��� �!�5O~C��(^)>%=�u��Gr'A�9:¢C'9�>%=�7��:0%8�7�!� ����#3# 1;�qR )�R$OQ�!�A�5D0�!���9���!'�%VC�$�?�!#��d-
(�)9�!� 'S�7�3� �!�7���!�qw C.0%8'9�9:;�<� B .�� B .;� �9�!)9�<�7�!���5�$'�%7% (^)A#3�3�n,;�!��1$F9� .;F�.;� �7�3.�����#T�!'br�
�R K��$%=)��$#34]�9�$�*Z
�2�3��]q��)9# ���!� B .��"�2�!� a0FA'9��%8'�(^)A�H�$�9:;�!4�.��7�!�9�<� '\�$�����&�A���7�<�"�9�&(�)2�S4��!#3���!49�3:U:��7.�,�Ob�!���2�!��1
'A���H���!� � �!)A�����!'A�7�3:�D0�!�3�N%=F9� .,�!�V%7%=.��uG]'�,xZ[� C'9)!�<�!�3� �3:SG C.�:;#��&(�)�%=� B �3�<#3�+w C.i%='9�A:;�!�E���A)������ B .��
���!4��!��4��$�2�3�9:�'9�9:;�<�?�$'�%7% (^)A#3�3�n,;�!��R

K��3�H�!���!�!�!#��9�!��'S.;GTFJ.��9�!�2�7�!�f���!��a0F9'9� �7�!D0.���%=� �7'9D2�7��.;�"��� ;>= ?98;:<8 %=�3�>�oj7�!�?�<�5%8.*��'5Z[�<�3��-
�$�����!�E�$49:;�$%8�7��GHG_�<1Q�A�|,Y%=����.;)9�9� m �!�3#�D;�$�����6�9��� �!�`�$'�%=D0.�GHGH�!��R \�� a0�7�!#�#3�!�e1���� ���!�9�<�

m �!��#3D������2�&�9�$�7�!� B .��t]
.��7�7�<�3#q%=�����n1�Ob�!���2�!�H%8�3��4��!��)Q�$�A���*Z � �2'9���2�3�012�����CO����7D2#3�&(�),4��!�sC.��7�3:��
Ob�!���2�!� � �3�2�7�!� �U���9:��!#3�<:;�!RbKS�$GH�3�b�7�7.��?�$�2�!G �<'-j7�V���!�x]��!��������� � �&(�)�� �3:��!�YaiF9'9�7�<�?GH���p�<�3��-
�$�����!�@'9G a0�!#3�<D�� �3.;�UD0.��9D�'A�7�7���!�7�<��19�&%8�S���<�C�9�<'9� � �!)A�����!'A�7�3:�D0�!�3�N%=F9� .,�!�V%7%=.�����#6%�� �!D�'A��%=� B �!�\�#3:;.��7���7)9G]'�% � �$��#��&%=���!�7�<Rsi �b%8�!#3�!D2�7���!�7� ���9)��$��� Z[�$%8�7:��!#3�!:��7�!� '/� �3� �!�7���!�]���!�]4��$%=� �!� '\�����2�&�9�!-
� �!�?���9�9�!� )���#�4H�!���9�!� � �!�9:��P%=�&(�)U�$'�%7% (^)9#��3�;,��!�����<��' �$�����6�9��� �!��19�!�2�*Z[�!� ��� ��#�#3�\�9�$�7���?�!�2�7)��$#d-
� �!�9�!� m i
%Q�3�E���<� B �!�74A#3�!��4J�<�����!��a0F9'9� �!�U'9���H4��!:;���9�2���9�$�9�?GH���b���!�H�9.2(�) B �<�7OQ�<����4��$�7�!�'\�$�����&�A���7�<� B .;� �C�<'9�!G�R

pu� .;49#��!GU��� �&% (^)P�&%=�b�$�H�����$%=�<� a0�7�<#3#3�i10�9�|,P�3Gt��#3#�:;�!GT�!�3�9�<� �A.2(^)]�9�&(�)2�
��#�#3�xa0F9'A�7�!�T���$%Miu� �!�3:$-
�A�&%7%8�$%'�!' m '\%S�7�<D0.;��%8�7�7'A�3�!� �S%8�3��� n %=�3�<)9�q'\��FA�3�7�<#hXAR �Uq R5K��$%=Ob�!:;�!�*%8�3���?�A�&(�)����$#3#3��a0F9'9� �!�
:�#3�!�6(^)24��!�7�V(^)2�7��:;�
4��!�m���!� ]
�!� :0��4��P���!� m i
%�'9���U���!�&\�'�%=O ��)9#m���<�xa0F9'9� �!��%8�!#34�%8�!R

� � � � %�> #�!~& 
���+� � >�! �9� 
�% �� % � 
�� % �k� !~� ���C>��

�@�;(�)����!Gc���3�@�3�/'\��F9���7�!#¢X9R � 4��$% (^)A�7�3�<4J�<�9�-a0F9'A��%='>(^)9�/��49:��$%7(�)9#3.i%7%8�!�?�6%=�!1A���3� � �!)9���2�!'9�7��:�-
D0�<�3�7�<�5�$'5Z[:;�<#"C.0%8�u'9���,�$'�%u���<�5:;�<OQ.;�A�9�!�9�!�oaiF9'9�7�<� n)m ' q �2�!� FA�7�3G C���7� ]
�!� �7�.tS� �!D0.;�>%=�7� '9�3�<�7�
�6%=�<1 4��!:��3�9�2�\�����oa0'�(�)9�5�>�;(�) a0FA'9�7�!��.�)9�9� m p nu- m i�RmKS�;%\%8�3����)���'AF9��% C�;(�)9#3�6(^)j%=.;#6(^)A�01������
�<�3�9�E)��;��� .;�9�6%7(�)9� ` �$(�)�%=�<#3O��3� D�'A�9:�GH�3� ���!G � ��� �!�7�6��#���G C�$'�,;�<�7�!� m �!��#S�2�$% L K .2���!�H���



XAR ;�= ?-8�:<8 o,o
���!� L �9�A�!��O �����M���<� m p/nt�!�3�9:��!:0�$�9:;�<� %8�3��� n 'S#&��%7%8� � q Rj�&C'A�]���3�$%8�<a0F9'A�7�!�M4��$%=� �!)2�]���3�� C.;:;#��&(�)9D0�!���!1q���3�,���"���<� ]
�!� �7�.tj���!�\)��;�2�7.;�A�&%7(�)9�!� ` �$(�)�%8�!#3O����7D2'9�9:H�!���9#&�$'5Z[�!���2�,'9���*���3�
��'�%8#&��'�Z[�!����� n � q a0F9'A� n �<� q �!'U��%7%=.O�!�3���!�7�<��1�'9Gc�!�3�9�/+�-�'S.0.;�N���3�>���7��Z�C'9���2�3�\�!�3�A#&��'�Z[�!������a0F9'9��!'":;�<O��3�9�9�<��R"KC���<a0F9'A�7�!�Y���!��'S#6�;%7%8� � )���4��!�Y����� m p n%�!O��$�,��'A��(�)"�Z'A�!�7�<1
��4��!�,�$%5�6%=�
D0�!�3�9� m p nu- m i �7�!D0.���%=� �7'9���!�7�]OQ.������<��R K@�;%HD����9� �!'AG )Q�!�6%=F9���!#��9�$���$� #��3�!:��!��1��9�A,Y���3�
a0F9'9�P'9�9:¢C'A��%=� �3::�!O��&% (^)9�<�"���<� m p nu-£ai�!D�� .;� :;�7�<�!�!�U'9���"�$�����!� �!� a0F9'9� �!�".2���<�]���3� �!D��P�$'5Z
���!� m p nu-£a0�<D�� .;�7:��7�!�H�!�\:;�!#��!:;�!�])��$�!1�O �;%Q�!���9�qB��!D0.���%=� �7'9D2�7��.;�T���!� m i B �<�7)9�������!� �p)>���!R L �
���3�$%8�!� � C�$#3#��!�HD����9�U�2'9�����!�*]\K�+�- L �5Z[.��7GU�$�7��.;�]#3�3��Z[�!�7� n %=�!����� U�U X q 1�O���%���'�(�)oZ C'9� 'S#&��%7%8� �
G C.;:�#3�&(�)]�&%=�<R

KC�!��\�#3:;.��7���7)9G]'�%p4��!� '9)2����'5Z ���!��'S.;G]49������� �3.;� B .;�U%8.�Ob�!�3��'A��4��!�2'9�?�<�7�!�<aiF9'9�7D��$�����&�A���7�<�
n)m a q 1;�����QD0�!���9� CA 4��!��% (^)A�9�!�&�2'9�9:�GH�3���!���9�!�W%7(�)9.;�,4��$%8�7�!)A�!�����!� m ' )>��4��!�]'9���5�2'9�u�$'�% L K�-
'9���t]\K�- m i
%Q4��$%=� �!)9�!�e1�GH��� a0F9'9� �!��1A���3���3�U�2�!� m p nY4J�<:;�3�A�9�!� n '/#6�;% %=�3� q 1�'A���H'9���;% %=.O�!�d-
�3�!� �7�!�/]\K�- +�-£a0FA'9�7F9'A�9D�� �!� n 4��!�&�2��'/#6�;% %=�!� q Rq�&C'9�/���3��\S% %=.O�!�&�$�7�3.��*���!�h]\K�- +�-Da0F9'9� F9'9�9D2�7�
�&%=�T�$%_'9���$4q���3�9:�4����<1\�9�|,Y���<� L �7.�,��7�!��#P���!�W]\K aiF9'9�7FA'9�9D2�7�*%7(�)9.������<� �������<�7�!� a0FA'9�=-
F9'9�9D2�7�!�:�!'9:��!.;�N���9�!�\�6%=�!RUK��3��]q��)9#b���!� B �!� 49#3�<�34��!�����<�i]\KuaiF9'9�7FA'9�9D2�7�]�3�f���!�*�3� �>�N��:��
D0.;GHGH�L�����<�i]\KOpu#&��D0�<�7�7�<���&%=�\GH�<�&%=�@:;�!� �3�9:AR A ��� �!�-]�'9)A�3#:Z[�<����)9GT�,���!�F)Q�$�2�3�9:�'9�9:91W�9�|,
���3���!�2��%8�7�!)A�!������a0F9'9�b�$'�%Q���<� � C�$)9�S�2�$%Wp � �3G C�$� B �!� �7�.t\D0.�GHGH�!�P%=.�#3# 1Z# C�|,���%=�6(^)]�A���9�UGH�!�6%=�
���3�S� �&(�)�� �3:��h'S.;G]49�3���$�7��.;� B .��7]/K�-8+�-Da0F9'A�7F9'9�AD�� �!�o9������!�eR

KC�3��a2(�)9�7���7� � ��� XU�2�!��aiF9'9�7� �!D0.;�>%=�7� '9D2�7�3.�� n %=�3�<)9��a0�!�3� � ��RUq OQ�!�N���!�?�>�;(�) a2(�)9�7���7� G �9.2(�)
�!�3�9GI��#SZ�C'A�U���3�V%=� aiF9'9�7�<� ��'9��(�)9:���Z�C'9)9� �!R i
%_�<�7:;��49�U%8�&(�)`���!��Z[.;#�:;�!�>��� \C49#6��'5Z\�>�;(�) ���!�
a0���$���9���N�9%='>(^)9� n ���3��a2(�)9�7���7� �3� ��R 49#��!�34��!�H'A� B �!�!C�����2�!�7� q 	
��R�]
.;�7#TC��'59>:;�F)Q�$%=� �3GHG,'A�9:P���$%QF9� �3G C�$�7�!��]
�!�7� �.tnR

G R�a0'�(�)9������(^) '\�������6�9��� �!� .�)9�9� m p/nu- m i�1a4>�;%=���!�7�<��� �$'5ZY���!� '\���>���&�9�$�7�!� ��'�%
a2(�)9�7���7� � R

P R�a0F9'9�"9������!��'\�$�����&�A���7�<�?.;)A�9� m p/nu- m i�R

U Rq\C'5Z #"C.i%='9�9: B .;� � �!)A�����!'A�7�3:�D0�!�3� �!�T���!��'\�����2�&�9�$�7�!�U.;)A�9� m p nu- m i�R

� � R m �<�3#&(�)9�!�A�&���!�2�7��9�D��$�7�3.���R

���;Rqiu����:¢C'A#3�7��:;�F)Q�$%8�7�3GTG,'9�9:P���$%QF9� �3G C�$�7�!��]
�!�7� �.tqR

KC�3�*)Q�!)��$����#�'9�9:\���<� �2'9�m�3�,�2�!����- �i-Tiu4��!�9�Q:��!GH�$% %=�!�A�!�F' �$�����6�9��� �!�5O����*Z[�mGH�!)9� �!�7� �<'�%VC�$�?� -
#3�&(�)9�&pu�7.�49#3�<GH�S�$'5Z R ` �3�/%7(�)9.;�U�3� ' �$F9�3� �!#fXAR��S�!� O~C��)9�2�!1A%=� �!)9�!�E����� m i
%����$% ]/K 'A���U���$%L K �!'9�FC�;(�)�%=�
�2'9�
�3�H#�.;D���#��!�W'S.0.������������ �!�^�!'9� ]
�!�"Z�C'9:;'9�A:9R
KC��� m ���$��%TZ[.��7GU�$�7�3.��H�2�3�$%8�!� m ip%
�3��%x;�= ?�AT~�|d-M'S.0.;���2�3���$�7�!��%"b9%8�7�!G G]'�,].;)9�9�]�2�3�q'S�!�A��� �9�&%����!���!'9:��!)sC.;� �3:��!�*+�-�'S.0.������������ �
�!�*Z[.�#3:;�<��Rp)Q�!�e��#�#3�!�U�A�����$'5Zb�$'5Z[4���'A�!�����!� i t2�7���$F�.;#&�$�7��.;�9�!�E'9���<a0F9'A�*9��N%QG_'�, ���3�V%p4��!��C'>(^D0-
%=�&(�)2�7�3:��SOQ�<�����!�eRW�9�!�7�A�!�\D�C.��9�9�!�:�!'9�~\S% %=.,�<�&��� �3.��"OQ�!���7�!� �!� m i
% �2'9�P�����W'S.0.;�N���3�>���7�<�"�3�
���!� ��-��;-Ti 4��!�A�?)9�!�N���9:��.�!.�:;�!�YOQ�!�N���!��1
O���%H���3� L ��Z �$)9�H�2�!��)Q�3#6��'9�9: B .�� L �!�&%8�7�!�N%=F9'A�7�!�
�!�7)sC.�)��<R



o X X9R � R`KC��� �A�!'9��a0�7�N��� �!:;���

� ���z%���>�! � � %
���&(�)��H�2'9�j���3��]
�!�"Z ��)9� �!� ��� ;>= ?98;:<8 %=�<#34�%8��%=����� ��'5Z[Ob�!������:;�!�E:;�!Ob.;���2�!��R KC'9�N(^) �����)Q�<� C'�(�D9%8�&(�)�� �3:�'9�9:U���<�q�9�!)9#��!�P���!�\�!�3�H�!�!#3�A�!� m i
%,%7(�)9.;�"O C�$)9�7�<���M���!��a0F9'9�N%='�(�)9�01m�&%8�,�����
iuGHF�9�����#��&(�)9D0�!�3�q:;�!:��!� C'94��!� ���!� m i -M�>�<)9#3�!� �,�!�7)A�!49#3�6(^)P:;�!O �;(�)�%=�<��RM\C'>(^)]�$'5Zm�����&\C'�%8�7�&(�)�-
� '9�9:E���$%@KC�!�7�<D�� .;��%�G]'�,_�A.2(^)�GH�<)9� ` �<�7�S:��!#3�!:��COb�!���2�!��R\KS�$GH�3��������pu�7.;:����$GHG B �<�74��$% -
%8�!�7'A�9:;�!� B .�#3#��<'9G m ���$:;�!�YD0.;GHGT� ��1�G C'>%7%=�<�"����� � �;,7Z[�!)A#3�!�\'9���_i �K�!�3�!�H�!�!�f%7(�)9.;� B .;�
�2�!G^\�49#&�$'5Z B .;� ;>= ?98;:<8`:;�!���$'"4��!D����9�2�]%=�<�3��R�K��3� � .���� �Ynb�$�7#3.$-£ai�3G]'9#&�$�7�3.���1u�2�3�]49�&%k-
)A�!�\�9.2(^)��>�;(�)�� �(C��:�#3�6(^)j���9:��!F��|,��5Ob�!�����<��D0.;�9�2�7�01�G]'�,_�2'9�f%7(�)9.;� B .��\���!� p � .,�!�V%7%=���!�7'A�9:
�2'9��(�) ;>=@?-8;: 8M:;�<����'M�$�M�����HKC�<�7�!D2�7.�����'�Zk#TC.0%='A�9:;�!�M'9�>� -"i �K�!�3�<�!�!�!�*�$�9:;�!F>�|,;�,Ob�!���2�!��R
���&(�)����!'A#3�!�>�!���&%8�S�$'�(^)*�2�!�C� �!�3�A�-B��$(�)9�!���$'5Z[O��$�����S(<��R ��� - o � � :;�(C.�,;�!�/��#&%�4J�<�u���<�S�$#3�7�<�
;>= ?98;:<8 -K]
�!��%8�3.;�eR � ���b���!�]�9�!'9�!��a0'�(�) B �!�*Z �$)9�7�!�,O�'A�����!�T��'>(^)H�A�!'9�a'/#6�;% %=�!� B .;��a0F9'9� �!�
GT�3�m:;�!� �3�9:��!�7�!� � �;,;:��!����'A�3:;D0�<�3�u�!���9:;��Z�C'9)9�7�<10��������'9�]�3�]�2�!�]�9���N��'5ZW�$'5Z[4��$'9�!�����<�o\C�>��#3bA%=�<�
� B � #kR�:��$%=.������!� �C4��!)>�������<#3��OQ�<�����!�UG C'>%7%=�<��R

K��!�S�!��:;�!�2�7#��&(�)9��\C�9#6�|,A1n����� a0FA'9��%8'�(^)A�5'9���a- �7�<D0.;��%8�7�7'AD�� �3.;�E�3� ;�= ?�A ~�|��!'[C'94��!���$�74��!���7�!��1
O ���P�����,%7(�)9#��$(^)2�7� B��!D0.���%=� �7'9D2�7��.;��%8���K�!�3�!�H�5�$�"�2�!� m p nu-Da0�!D2�7.;� :;� �!�!�!�!�eR � ���S���<�S�9�!'9�<�
aiF9'9��%8'�(�)9�_�6%=�\�2�3��i �^�<�3�!�!� ��.;� �\���!'A�7#3�6(^)E4��$%7%8�!�\:;�!Ob.;���2�!��1�O��3�]�$'�%�\C4949��#&��'9�A:oX9R � )A�!�=-
B .��7:��!)��<R L �.�!�!��:;���6%=�@���3��]q��)A#u���<� � -Da0F9'9�8-"iu�7�<�3:;�A�&%7%8�,:;�!:��!���mR�i
%�Ob�!���2�!�U��'9�qiu�7�!��:;�9�6%7%8�
%8�!#3�<D�� �3�!� �!1������?:��!����' � m '\%H�!�2�7)��$#3�7�<��Rx)Q�!�6��� m '\%_G C'�%7%8�!� L GHF9'A#&%=� B .��`GH�3���2�$%=� �!��%
RWL ��]g)���4��!�eR5KC���$%��&%=�@�!�3�9�F]
.;��%8�!#3�<D�� �3.;� �!'9� c�dfcsg -"\C�>��#3bA%=�i1J���*���!�S�9.2(�)Q�!'�% C���>�!#3�6(^)E������ b0.��9D���GHGT�!�7�P'9���W'\��#�.;� �3GH�!� �!�m4J�<��C'�(�D9%8�&(�)�� �3:��uOQ�!�N���!��RWKC�3��]
�!�7� �!�3#�'9�9:��!�,�3�T���!� \C4949��#d-
�2'9�9:;�<��X9R��b'9���-X9R o O�'9�N���!�]��#�#3� ��'�% �<�3�9�!GQZ[�$%=� �!�oa2���>� B .���i � �!�3:��9�&% %=�!�P4��$%=� �3GHG]�!1<���3�b��'9�
j7�<OQ�!��#&% GH��� � B �!��% (^)9���$���!�A�!�v]
�!�N%=�3.��9�!� B .��o;�= ?-8�:<8UF9�7.O�!�$%7%8�3�!� �uOQ.������<�H%8�3���nR )Q�!�7�N�;(�)�� �!�
GI�����3� \C494A�3#&�2'9�9:oXAR��]���3�]�2�7�!�*)Q�3�>%C'9Gs�A�;% � ���9�3G]'9G �2�!�S:;��Z ��#3� �!�7�<���>-K]p�<�7�7�<�3#3'A�9:91�%8.
�<�7:;��49�P%=�6(^)E�!�3�9�q]
�!� 4��$%7%8�!�7'9�A: B .�� ��� � R�)Q�.�!���!)���GI���*%=�6(^)��2'9�\�$'5Z��2�3�,4��!�&�2�!��)Q�3��%@���
�2�!��� #6���9D0�<�U���$% � ���9�3G]'9GT% 10%8._4��!� �(C��:��S�2�3�h]
�!�74��$% %=�!� '9�9:]%=.�:0�$� Z ��%=� o � � R

K��3� ]
�!� 4J�V%7%=�<�7'9�9: ���!�&a0F9'9� �Z'��$#3���(C���P�!�!��:;��%8�&(�)_���U���!�*]
�!�7� �!�3#�'9�9:P���!� L GHF��$D�� F����N��GH�!� �!�u���
�2�!� ��-��;-"iu4��!�9�@�3��\C4A49�3#6��'9�9:~X9R � RQK��!��\C�2�7�<�3# B .;�<aiF9'9�7�<��19���<�7�!��\�4�%=�N����� B .;GgF9� �3G C�$�7�!�]
�!� �7�.tT:;�(C.�,;�!�P�$#&%1�nGHG �6%=�!1�)��$�\%=�6(^)j���!'9� #3�&(�) B �!�7D2#3�<�3�9�!� �!R C\C)9�9#��&(�) B �!� 4J�V%7%=�<�7�@%=�&(�)��$'�(�)
�2�3�q\CD7�<�!F9���$�!�����T���!� m p nu-£ai�!D�� .;� :;�7�<�!�!�!�H���_)>�;��� .;�9�6%7(�)9�!� i � �!�3:��9�&% %=�!�eRuKC.��7�Q� �7���7�u�9.2(�)
�<�3��OQ�<�3�7�<�7�!������� �!�7�$% %7�$��� �!�xi#"q�!D2�\��'�Z 	 )Q�&%=)A�!�CO ��� �!�*���3�F]
�!�7#�'�%=� �,���f���!���<�3�!�!�<#3�9�!�ka0�<DZ-
� .;� :;�7�<�!�!�!�M'9�2�7�!�N%7(�)9�3�V��#3�6(^)�:��7.�,AR ��'9�Y%=�3�>� %8�3� C'94��!�N��#3#b:;#��!�&(�)"'9���":��!�7���9:;�!�]�$#&%,�$�`���!�
4A�&%=)A�!�����K�!�3�!�2�7�V%=�7�<� L �7�<�!�!�0R
\�#3#3:��!GH�!���M%=����� �2�3�?4��!���!���9�!� \C����#�b9%8�X�!'Y�!�7O ��� �7�!���2�!� ]
�!� 4J�V%7%=�<�7'9�9:��!�`'9G %=.f:;�(C.�,;�!�<1
j7�Y)sC.;)A�!�"�2�3�[\C�5Z[.������!� '9�9:��!� �$� ]�OQ�<�&%=FA'9���$'5Zk#TC.0%8'9�9:�'9�>� a0F9'A�7���K�!�3�<�!�M%=�����nR )Q�V%=.;�2-
�2�!��%*����%8F9�7'>(^)�% B .;#�#H%8�3��� B��!D0.���%=� �7'9D2�7��.;�9�<� B .�� ]
�!� �7�8�<�$%aGH���?GH�<)9�7�!� �!���$'�%=#6��'5Z[�!�>���!�
aiF9'9�7�<��R a2(^)A.;� O~C��)9� �!��� ���!� iu���8O��&(�D2#3'9�9:i%=F9)>�;%=�*�2�$%H�9�!'9�!� ;>= ?98;:<8rO�'A�����f���3�*K��=-
B��!D0.���%=� �7'9D2�7��.;�f��#&% � �A,0%=�N��4M�2�!�-a0F9'A�=-�rC'>��#3���(C�$�5'9���*���!��-"B��!D0.;�>%=�7� '9D2�7�3.���%=� �^�!���!�!� B �!�=-
Ob�!�����<�!R L � \C4949��#&��'9�A: XAR o �6%=�T��#&% )Q�!�&%8F9�3�!# �9�;% � �;%7%8�!����� "q�!�7�!�H�$%=F��!D2�7� '9G ���$%o]��!�*Z �$#3#&%
K�� d � n ' g
	�d q 	�d :��.�!�!��:;�!Rtiu���!�!�!#�)9�!�3� �!� �!'9G K��=-"B��!D0.;�>%=�7� '9D2�7�3.���% -K]
�!�*Z �$)9�7�<� 9��>���!�

� zs{�| /�}+�)}+����|"��| -1�����"|"����{�|"���(�7�&�(|"��¤x|"¥���}+��|"�x����� <����� ��}��(|"������|"{��(|*����|"��|"�V¡W�}+����{���|"�':s�(������}������(�(���(|"�
�
��������������� �"!��� �����$#&%�')(7��� �(�(��|)���}+�7� > ¤x����}+��|��



XAR ;�= ?-8�:<8 o R

0

100

200

300

400

500

600

700

0 10 20 30 40 50 60
φ mod 600 [Grad]

dN
/d

φ 
[1

/G
ra

d]

Delana 94 B3

Delana 94C
(10%)

��������	������� �����V�
� � � �!	
 *�+ "��� 4 ����'T "�+��	 ���� %(8��	 4 �����' 4K� ')�+��������#"#*���1�����(���

10
-3

10
-2

10
-1

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
ε [cm]

1/
N

tr
ac

k 
dN

/d
ε 

[1
/0

.4
m

m
]

Delana 94 B3

Delana 94C
(10%)

��������	������� ���
	��
�������(67 	���('"�7�x�+ "��'
	f�,�x����'�� 4
� 4K� �H�����q�V	�	���' �����')�����,� �h� 4

��� �7|�q����� ��')�,�q��7')��� ����' 4
 *�� �Y$��
� �M')�+�� "� ����' ����') "�+� 4
	,���� ��� ��������#" ��,�<����' � ')8 4

+�+#*#"����'"������ � � �,� ����')�7	
�+���+�

��� � �M� %(8�� ��������� �(|�
�5� �¢���v'T�+��#
+�
��'T �3�,� ���(')�7� 4
#* "�+	�	
 *��� �h��')�+����� %(8���	 ���
��� ���



o � X9R � R`KC��� �A�!'9��a0�7�N��� �!:;���

0

25

50

75

100

125

150

175

200

0.14 0.145 0.15 0.155 0.16

∆m [GeV]

E
re

ig
ni

ss
e 

[1
/G

eV
]

Delphi 94B

D* → (Kπ)π
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D* → (Kπ)π
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