
�

� � � � � � � 
 � � � � � � � � � � � � � �

� � � �  " $ % ' % ' �

+ ,  / % ' 2 4 6 � 7 % ' 2 �  9

; < ' > " % + @ B C D < � � � G < ' �  � < 6

J K L M N O Q S U V N Q W Q N X Y X [ Y U \ S Q Y X \ O Q _

J ` O a X _ N X Y X [ Y U \ N X d X _ U g S X V Y X j U \ Y W

J n X [ X V Y Y X W Y \ X W r _ Y W

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �



z

K L M M O Q S U V N Q W Q M X Y X [ Y U \ £ Q Y X \ O Q _

¤ ' < ¤ % '  9 ¦ � � ¨ < 6 ¦ 2 � � � ª < 6

G � 6 ¦ / � ¤ ¬ %  ¯ ° ± ° ³ ± ³ C

% 6 % ' / 9  < ª ' % �  % % ¶ " ¤ � � ' ¬ %  ¯ ³ · · ± ¸

G ' % � º ¦ < » 6 ¼ % � ¦ ¬  ½ ª ¨ ¯ ³ ¾ ¿ · À ³ ¾ Á

' % 2 � 2  � 7 �  9 ¬ Â ½ ª ¨ ¯ ³ ¾ Ã Ã C Ä · À ³ ¾ Á

% � % ª  ' < 6 ¨ < G � � �  9 ¬ Æ Ç É Ê Ë É Ã Ì É Ã ¯ ³ Í ¾ ¾ ³ · ° ¾

" < � % ¨ < G � � �  9 ¬ Æ Ç É Ê Ë É Ã Ì É Ã ¯ ³ C ¾ ¾ B Í ¾

2 � / 6 � � ª ' % �  % ¦ G 9 Ð Ñ $ ± ¬ % ½ Ó ¨ ¯ · ¸ Í Ô

ª < " % 2 � 7 % % 6 % ' / 9 ¬ %  ½ �  < ¨ ¯ Õ ± · Õ B ± ¸ ·

¨ � 2 2 ¦ % 6 2 �  9 ¬ / Æ Ç É ³ ¯ · ± ° C ± · ·

¦ � % � % ª  ' � ª ª < 6 2  � 6  ° ± Õ ³ ³ ± Ô

' � ¦ � �  � < 6 � % 6 /  " ¬ ª ¨ ¯ ³ C ± ¾ Ô ± B

 " % ' ¨ � � % Ù ¤ � 6 2 � < 6 ª < % Ú ª � % 6  Í Ä ¾ À ³ ¾ É ¿ C Ä ¸ À ³ ¾ É Ü

 " % ' ¨ � � ª < 6 ¦ , ª  � 7 �  9 ¬ Þ Ç É Ã ß É Ã ¯ ³ ¾ ¾ ¾ ¶ C ¾ ¾ ¾ ³ ° ¾

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �



á

â N d Q V Y Q ä X W å

æ � � ' / % ¨ < G � � �  9 ç ; � 2  2 � / 6 � �

æ è < < ¦  " % ' ¨ � � ª < 6 ¦ , ª  � 7 �  9 ç G %   % ' ª < < � � 6 /

æ � < » ¦ � % � % ª  ' � ª ª < 6 2  � 6  ç � < » 6 < � 2 %

æ é � / " ' % 2 � 2  � 7 �  9 ç � < » � % � º � / % ª , ' ' % 6  

æ + � ¦ � �  � < 6  < � % ' � 6  

M O W Q N d Q V Y Q ä X W

æ ê ¨ � � � % ' 2 � / 6 � � ¬ ë ìí
< ; ê � ¯

æ $ < � 9 ª ' 9 2  � � � � 6 % ¬ 6 < 6 ¶ , 6 � ; < ' ¨ ¯

æ + % � �  � 7 % � 9 6 % » ¨ �  % ' � � � ç

< 6 � 9 < 6 % ¨ � 6 , ; � ª  , ' % ' ¬ @ % ð % % ' 2 ¯ ¤ ' < ¦ , ª % 2

" � / " % 2  ò , � � �  9 D  @ ¦ � � ¨ < 6 ¦

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �



ô

` \ O V [ O g _ X U ö ÷ g X \ Q Y O U V å

-
-

-

- --
+

+

+

+

-

electrodes

Charge Amplifier/Shaper

bias voltage

     CVD diamond

m)µ(1V/

· ¸ % ¶ " ¤ � � ' 2 ¤ % ' ¨ � ª ' < 6 ; < ' Ð Ñ $ ±

ê � / 6 � � � 2 � � ¨ �  % ¦ G 9  " % ª < � � % ª  � < 6 ¦ � 2  � 6 ª %

ê � ¨ ¤ � % ; � G ' � ª �  � < 6  % ª " 6 � ò , % ±

@ � � ¨ < 6 ¦ � 2 ' % , 2 � G � %

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �



�

ú

ê � / 6 � � ¦ � 2  ' � G ,  � < 6 ; ' < ¨ � D  @ ¦ � � ¨ < 6 ¦ ¦ %  % ª  < '

10
-2

10
-1

1

10

10 2

10 3

1990 1992 1994 1996 1998

Time  [year]
û

C
o

lle
ct

io
n

 D
is

ta
n

ce
 [µ

m
]

D < � � % ª  � < 6 ¦ � 2  � 6 ª % " � 2 � ¨ ¤ ' < 7 % ¦ 2 � / 6 � ¼ ª � 6  � 9

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �



�

K L M M O Q S U V N ` O a X _ M X Y X [ Y U \ W

ndium bump bonds Read Out Chip

CVD diamond

125µ

æ ³ C ° À ³ C ° Ó ¨ ¤ � Ù % � 2 ¬ ý ½ > � ¯

æ Ñ 6 ¦ � , ¨ G , ¨ ¤ G < 6 ¦ % ¦  < ¤ ' <  <  9 ¤ % D Ð ê ¤ � Ù % � ' % � ¦ < ,  

ª " � ¤

ÿ
$ ê ³ · ¾ ¬ é < 6 % 9 » % � � 7 % ' 2 � < 6 ¯

ÿ ¤ �  ª " ³ C ° À ³ C ° Ó ¨

ÿ
� ª  � 7 % � ' % � C C ª < � , ¨ 6 2 À · C ' < » 2

ÿ
� ¦ � , 2  � G � %  " ' % 2 " < � ¦ ; < ' % � ª " ¤ � Ù % �

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �



�
� O \ W Y � X Q S � X W Y � � 6 ± · ¶ ³ B �  � % ' ¨ � � � G  % 2  G % � ¨

� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �

	 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	 	 	 	 	


 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 


� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �

� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �

� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �� � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �

� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �

� � � �� � � �� � � �� � � � � � � � �� � � � �� � � � �� � � � �� � � � �� � � � �
� � � � � � �� � � � � � �� � � � � � �� � � � � �� � � � � �� � � � � �                                                                   

! ! ! ! ! ! ! ! ! !! ! ! ! ! ! ! ! ! !! ! ! ! ! ! ! ! ! !! ! ! ! ! ! ! ! ! !! ! ! ! ! ! ! ! ! !! ! ! ! ! ! ! ! ! !

X

Y
X

Y

scintillator trigger SMD referance planes

pixel detector

æ + ,  / % ' 2  ' � ª º � 6 /  % � % 2 ª < ¤ % ç

ÿ Í ê Ð @ ' % ; % ' % 6 ª % ¤ � � 6 % 2

ÿ G %   % '  " � 6 Õ Ó ¨ % Ù  ' � ¤ < � �  � < 6 � ª ª , ' � ª 9

ÿ 2 ª � 6  � � � �  < ' ¬ ¼ G % ' ¯  ' � / / % '

ÿ ¦ �  � ' �  % ³ ° ¾ é "
æ $ � Ù % � ¦ %  % ª  < ' ç

ÿ � ª  � 7 % � ' % � ³ C ª < � , ¨ 6 2 À · ¾ ' < » 2 ¬ " � � ; < ; ª " � ¤ ¯

ÿ ¤ � Ù % �  " ' % 2 " < � ¦ 2 �  $ C ¾ ¾ ¾ %

ÿ ¤ � Ù % �  " ' % 2 " < � ¦ ' ¨ 2 2 ¤ ' % � ¦ $ ¸ ¾ ¾ %

ÿ % < � 2 % ç Õ ° ¾ % ¬ ª < ¨ ¨ < 6 ¨ < ¦ % ° ¾ ¾ % ¯

æ @ �  � ª < � � % ª  % ¦ ç & ³ ¾ ¾ " �  2 ½ ¤ � Ù % �

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �



(

� X W Y � X Q S n X W r _ Y W

@ � � ¨ < 6 ¦ ¤ � Ù % � 2 � / 6 � � ç

æ � < » % ' 2 � < ¤ % ¨ � 9 G % � ) % ª  % ¦ G 9  " ' % 2 " < � ¦ 2 ½ 6 < � 2 %

è < < ¦  ' � ª º � 6 ¦ ¤ � Ù % � " �  ª < ' ' % � �  � < 6

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �



+

` U W O Y O U V n X W U _ r Y O U V U ö M O Q S U V N ` O a X _ M X Y X [ Y U \

¦ � / �  � � ' % 2 < � ,  � < 6 ç

³ C ° Ó ¨ ½ , ³ C . · ¸ Ó ¨

/ O S O _ Q \ Y U W O _ O [ U V

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �



� |

` U W O Y O U V n X W U _ r Y O U V U ö / O _ O [ U V ` O a X _ M X Y X [ Y U \

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �



� �

` O a X _ 0 2 [ O X V [ 3

% 5 > 6 ç 6 ; % � ª � % 6 ª � % 2 � ' % 6 <  6 < ' ¨ � � � " % ¦

@ � � ¨ < 6 ¦ % Ú ª � % 6 ª 9 2 ¤ ' % � ¦ � � ' / % '  " � 6 < ; ê � ±

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �



� z

0 2 [ O X V [ 3 Q V N / O ä V Q _ _ X d X _ 8

 � ' � �  � < 6 � 6 % Ú ª � % 6 ª 9 ç

æ ª < 6 2 � 2  % 6  » �  "  " % 7 � ' � �  � < 6 < ; 2 � / 6 � � � % 7 % �

ÿ
6 < 6 , 6 � ; < ' ¨ �  9 < ; 2 � / 6 � � ; ' < ¨ ¦ � � ¨ < 6 ¦

ÿ
 " ' % 2 " < � ¦ ½ / � � 6 ½ ª < 6  � ª  7 � ' � �  � < 6 2

ÿ
ª " � ' / % 2 ¤ ' % � ¦ � 6 ¦ � � ¨ < 6 ¦

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �



� á

0 2 [ O X V [ 3 Q V N : O Y g U W O Y O U V

6 Ú ª � % 6 ª 9 � 2 � < » % ' 6 % � ' ¤ � Ù % � G < , 6 ¦ � ' � % 2

; ª " � ' / % 2 ¤ ' % � ¦ � 6 / ±

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �



� ô

æ D , ' ' % 6  ' % 2 , �  2 � ' % ; ' < ¨ � ¤ ' % � � ¨ � 6 � ' 9 ' , 6

æ %
, ¨ G % ' < ; G % � ¨  % 2  2 � ' % ¤ � � 6 6 % ¦ ç

ÿ
D 6 +

% =
Õ G % � ¨ � � 6 %

 � º � 6 / ¦ �  � 6 < »

ÿ
D 6 +

% =
° G % � ¨ � � 6 %

� , 6 % ½ � , � 9 ¶ ¤ ' <  < 6 � ' ' � ¦ � �  � < 6 � 6 G %  » % % 6

ÿ
D 6 +

% é C G % � ¨ � � 6 %

> , / , 2  ¶ � 6 � · > % 2 � � ¨ � / 6 %  � ª ¼ % � ¦

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �



� �

? U Q _ W U ö � r Y r \ X � X Q S � X W Y W 8

æ 4 2 % � ¨ ¤ ' < 7 % ¦ 2 % 6 2 < ' ¨ �  % ' � � �

æ é � / " % ' 2  �  � 2  � ª 2 ¬ & ³ ¾ ¾ ¾ " �  2 ½ ¤ � Ù % � ¯

æ > , 6 % ½ ' % ¦ , ª % + 5 D  " ' % 2 " < � ¦ ¬ ' % ¦ , ª %  " ' % 2 " < � ¦ 2 ¤ ' % � ¦ ¯

æ + % ¦ , ª % 6 < � 2 %

æ Ð % � 2 , ' % ' % 2 < � ,  � < 6 » �  " 2 % 6 2 < ' ' <  �  % ¦ » '  G % � ¨

¬ » �  " ª " � ' / % 2 " � ' � 6 / ¯

æ Ð % � 2 , ' % ' % 2 < � ,  � < 6 » �  " � < ' % 6  " ¦ ' � ;  � 6 · > % 2 � � ¼ % � ¦

æ ê  , ¦ 9 ' � ¦ � �  � < 6 ¦ � ¨ � / % ¬ ³ ¾ Ã Á ½ ª ¨ Ê ¤ � '  � ª � % A , � 6 ª % ¯

â _ _ B O Y : W O N X E G 3 E W O N X [ U S g Q \ O W O U V B O Y : W O _ O [ U V 8

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �



� �

t u v x y z | | | � � u � � � � � t u v x y � x � x � � � � � � � � � | | � � t x � x � � � � � � � x � � � � u � �


