
20/11/2006 Design and Performance Optimization of the LHC Collimation System 1

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


 � � � � �

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

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

� � 	 � ��� � � � � � ���  �
 � � � �� � !

� � � � � � �� 
 � � "
	 � �� � �# � � � � � � ��� � 	 � ��� � � � � � ���  �
 � � � �� � !

� � � � � $ � � �� �� � �� 
 � 
 
 ��%&� � ��� � � � 
 � �� ��� � � � � �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 2

� � � � 
 ���� � � �
 � � � � �

� ' 
 � ( � ! � �� � 
 � � � # ) *# ) &�
� � 
 � � � � 
 � � � 	 � � 
 � � � � 
 � � �
� � � 
 �+�, � � � �

� � � � � �� �� 
 � � � ( � � - 
 � � 
 � �� �
� � � � � � 
 � 
 �
 � �. 
 �
 
 "
	 /� # � � � � � � �� � /� 	 � ! � � ����� � /�
) � � � � 
 �� � /� � � 
 � �� � � %� � � � � � � �� ' /�
0 � � � �� � /) /� � � � � � � � � 
 �� 1 /� # � � � �� ��
%/� � � � � � �� � 
 � � �� $ /� $ � . �� 
 � �� �� # /�
) � � 
 � � � ����� # /� � � ��
 � � � �
 �� � /�
0 
 �� � � ���%/�&
 � � �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 3

� � � ��� �

� 2� 
 � 
 ! � � 
 �
 �

� ) � � � �� � , � �� � �3 ��
 � � �� � � � � � �� � �

� 4 � � 
 � , �
 - �� 
 ���� � 
 �
 � "�� � 
 
 
 � � � � 
 
 � � �� � � 
 
 � � �� .

� $ � � � � � �� � ��! � � �. � �
 - �
 � � �%0 � �� 
 ���� � 
 �
 � �� , � 
 � �

� ) � � � ��
 � � �� � � � �5 2� 
 � � � �
 , ���� �
 � 
 �
 � �

� 	 � � � �
 � �
 - �� � � � �
 � � 
 �

� � 
 � � �� � �
 �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 4

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

� %0 � � � � 
 
 
 � � � � � � � � � � � �� � � 
 � ! � � � � 
 
 �� � � 
 
 �
6�4 � 7�6�4 � 7��� �
 � � �86�( � ��
 � . �86�( � ��
 � . �� �� .

9: �� � � ! � 
 
 � � � � � � � � � � � 
 � ! � � 
 �� . � ; � � <�� � � � � � 
 � ! � � 
 �� . � ; � � <�
� � . � � 
 �� � . � � 
 � 
 
 � � � � ! � � � ! � - 
 � � � � � � 
 
 
 � � �
 �
 � �� � � � �� � � � . , /



20/11/2006 Design and Performance Optimization of the LHC Collimation System 5

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

� 
 � �� � �
�� 
 � � � �
 ,

� 
 � �� � �
� � � � . ,



20/11/2006 Design and Performance Optimization of the LHC Collimation System 6

� � � � � � � � � � � ��� � � �

� � 
 
 � � ! � � � � � � � � � � . , � �� � +=>� $ �+=>� $ � ���� � � - � � 
 
 � � 8>>� �� � . � � �8>>� �� � . � � � 
 � � � � �� � � � , � 
 
 � � � � � ?�� 
 �� . �
� � 
 
 
 � � � � � � �� � � 
 
 � � 9: � � @� �� � �� � 
 � 
 
 � A>� ( . � 
 - � 4 � 4 �� � � 
 � . � � 
 
 � � � �
 � B>>� ( . � 
 - �9: � � @� �� � �� � 
 � 
 
 � A>� ( . � 
 - � 4 � 4 �� � � 
 � . � � 
 
 � � � �
 � B>>� ( . � 
 - �
� 
 � � � �� 
 � � � � /

� � � 
 �� � 
 � ! � @� � � � � � ��� �
 � 
 - � 
 � � � %0 � � � � � � � . � � 
 � "� C>� � � * � � +�� C>� 
 � ! � � � 
 - �
� � . � �
 � ! � � � � � � ��� � � 
 � � � � 
 � � � 
 
 
 � �� � 
 
 � � ! � � � � � . , � 9: � � �� ( � 
 - � � � . � � 
 �@� � � � � � � � � � ! �9: � � �� ( � 
 - � � � . � � 
 �@� � � � � � � � � � ! �
! � � � . �! � � � . � /

Factor ~ 200Factor ~ 200



20/11/2006 Design and Performance Optimization of the LHC Collimation System 7

� � � � � � � � � 	 � 	 � � � � �

� � ?� � � �� � � � � - � 
 � � 
 
 � � � � � � � � �� � � "� � � � � � �
 � � � � � � � � � 
 
 � � � �� � � � 
 
 � � � �
� 
 � � �� 
 � �, �� � 
 �! � !� 
 � � �� 
 � �, �� � 
 �! � ! /

�� 	 � . � �� � � �
 � � � �	 � . � �� � � �
 � � � �  
 � �! � �� ! � � � � � � - - �� �� � 
 � � � � 
 �� . � �� � � � � � � . � � 
 � � 
 
 �
� � � � � �@� � � � � � �@� � � � � � � /� 4 � � � � �� � 
 � �
 � � � �4 � � � � �� � 
 � �
 � � � � � � � � �� � ! � 
 
 � � � � 
 
 �CDCD 
 - � 
 � � � � � � � �
�
 � 
 � �� �C>� � � � 
 � ! � � ; � � 
 � 
 �E�?�C>CC � � 
 
 
 � � * � <� 9: � - 
 � �6�4 � 7� � � 
 
 
 � � ��9: � - 
 � �6�4 � 7� � � 
 
 
 � � ��

 � � 
 � �� � B>>>� 
 �� � � � � � 
 � � � 
 � � � @� � � � � � ��� �
 �
 � � 
 � �� � B>>>� 
 �� � � � � � 
 � � � 
 � � � @� � � � � � ��� �
 � �- � � 
 � �� � CD� �� � ! �� � � 
 �, �
�
 � 
 ��� �
 � � �� � �� � . � � 
 /

� ) � � � � � 
 ���� � 
 �
 � � �� � � � � ! � ! � 
 
 � � � ��� � �, � � � 
 
 � � 
 � 
 � � � � 
 �! � � � . �
 � � �� � ��� � �, � � � 
 
 � � 
 � 
 � � � � 
 �! � � � . �
 � � � 
 - �

 � � � � � � � �� � � � . � �� � 
 � @� � � � � � � � � � ! � ! � � � . � �� � � � � 
 
 � �  
 � �! � � � @� �� � �� 
 
 � �  
 � �! � � � @� �� � �

 � � � %0 � � 
 � � � � 
 �
 � � � 
 
 � � � � � 
 
 � � � !
 � � � %0 � � 
 � � � � 
 �
 � � � 
 
 � � � � � 
 
 � � � ! ; � � � � � � �� � 
 � � �� 
 � � � - 
 � � @� � � � � � � �� � �
- �  � � 
 � 
 � �� 
 � 
 � � - 
 � �! � � � . � </

� 4 � �� �
 � � � �� �� � � � � � 
 � �
 � � � ! � � �. � �� � ! �� � � - 
 � � � � � �! � � �. � �� � ! �� � � - 
 � � � � � � 
 - �
 � � �� 
 ���� � 
 �
 � �
� , � 
 � � �� � �� . ��� � �� � � � 
 � ! ��� �
 � � �%0 � /



20/11/2006 Design and Performance Optimization of the LHC Collimation System 8

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

� � 
 
 
 � �� � � �

� � �
 �� � 
 
 
 � �

� � �
 �� � 
 
 
 � �

� � � � �� �� . �� � �
 �� � 
 
 
 �

� 
 ���� � 
 
 � �F�  

� 
 ���� � 
 
 � �F�  



20/11/2006 Design and Performance Optimization of the LHC Collimation System 9

� � � ��� �

� 2� 
 � 
 ! � � 
 �
 �

� ) � � � �� � , � �� � �3 ��
 � � �� � � � � � �� � �

� 4 � � 
 � , �
 - �� 
 ���� � 
 �
 � "�� � 
 
 
 � � � � 
 
 � � �� � � 
 
 � � �� .

� $ � � � � � �� � ��! � � �. � �
 - �
 � � �%0 � �� 
 ���� � 
 �
 � �� , � 
 � �

� ) � � � ��
 � � �� � � � �5 2� 
 � � � �
 , ���� �
 � 
 �
 � �

� 	 � � � �
 � �
 - �� � � � �
 � � 
 �

� � 
 � � �� � �
 �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 10

 � � � �� � � ! � � � � � � �

� 4  
 � 
 , � � � � 
 - � 
 � � � � � � � � � � � � � � 
 � � � � "� 
 � � � . � 
 � � 
 � �� � � � � � 
 � � �. � 
 � � 
 � �� � � � � � 
 � � � �� � � 
 � � , � 
 � � �
� � � � � � �� � �� 
 � � � �� . � 
 - � � � � � � � � � � �� � � 
 
 � � � �� � � � 
 �� � � ! � 
 � � � ! , � � � �� � � � � � 
 � � �! , � � � �� � � � � � 
 � � � ��
! � - �� � ! �� , �
 � � �� � ?�� � � �� 
 � � �� �� � � ��
 � ! � �
 - �� � � 
 �� �� � /

� &� � 
 �� �� � � 
 � 
 � �! � � 
 - � �
 � � � � � � � � 
 � 
 - � 
 � � � � � � � � � � �
� � � � � � � �
 ��  � �� � � . � 
 � � �
 � 
 � � 
 � 
 � � � - �� � 
 �
� � � � 
 � � � � � � � 
 � �� 
 �
 � � 9: � 
 � � � � � � � � � � �
 � � � � � 
 
 � � � �� 
 � � � � � 
 � ! � ;G� �� � � � ! H<� � , ��� 
 � � � � � 
 � ! � ;G� �� � � � ! H<� � , �
� 
 ���� � 
 
 � � �� 
 ���� � 
 
 � � �
 
 �� � 
 
 � � 
 �
 � � �� 
 �! �� � � � 
 � � � �
 - �
 � � �� � � � �� � /

� 4 � � � � �� � � � � � � , �� 
 � � � � �� � � , �� 
 � � � � � 
 - �� � � � �� � �
 I

� 
 �	 � � � � � � � � �

� 
 ���� � � 
 � � "� #



20/11/2006 Design and Performance Optimization of the LHC Collimation System 11

� 
 # � 	 
 � # � � �
 
 � � � � � � � $� � � � � � %&' ( )

� � � � � � � ��� � � � � � �� � � ��� � ! �
 
 �� � 
 
 
 � ��
 � � � � "

J� 1 � � � � 
 �
 � � �� �� � 
 � � ���
 �� �1 � � � � 
 �
 � � �� �� � 
 � � ���
 �� � �� � � � 
 � � 
 � ! � - 
 � � �� � � � � � , � � � � � �� � � ; � ! F� � 
 � � � � � �� � �� ! F� � 
 � � � � � �� � �
� � � � � � 
 � � �� � � � � � 
 � � � ��( � �
 � � � ��� � � 
 � � 
 �� �
 , I </

J� 2� 
 � �2� 
 � � �� ) � � � � � � � 
 
 � � �� . � ;2) � <) � � � � � � � 
 
 � � �� . � ;2) � <"� � � 
 
 
 � � � 
 - � � � � � � � � � � � � � � � ?� � � � . � � � � � � . , �
! � � � 
 
 � � 
 � �
 � � � �� 
 � � � � 
 �
 � � � �� � � ��� +� � �� � � � � 
 - � � 
 
 �
 � K� � � � � . , � �
 � � � �� � 
 � � �
�
 � . �
 � ! �� � ��� �� � � �. � 
 � �� 
 � � � � � � 
 � ! �� , �
 � � �	 � �� � � �
 ,

9: �
 - - � � 
 � ��� �
 � � � � � � � � � �� 
 � � � 
 � � �( �� ( �� � 
 
 
 � � �
 � 
 �
 - �
 � � �! , � � � �9: �
 - - � � 
 � ��� �
 � � � � � � � � � �� 
 � � � 
 � � �( �� ( �� � 
 
 
 � � �
 � 
 �
 - �
 � � �! , � � � �� �� � � � 
 � � �� �� � � � 
 � � � /

J�4 
 � � � � � ( � � � � 
 
 � � �� .4 
 � � � � � ( � � � � 
 
 � � �� . "�� � - � � � �
 
 �2) � � �
 � �� � - - �� �� � 
 � � � � � . , � � ?� � � � . � � 
 � � 
 �
� 
 � � �� � 
 
 
 � � �. � 
 ( �� ( � ! �
 � 
 �
 - �
 � � ��
 � . �
 � ! �� � ��� � � � 
 � � �( �� ( � ! �
 � 
 �
 - �
 � � ��
 � . �
 � ! �� � ��� � � � 
 � � � /

J�� � � 
 
 � � �� . �
 - �� �� � � �� 
 �� . �� � 
 
 
 � � �
 � � � � � �! � � ��. � � �� 
 �� � � �� �� � � �! � � ��. � � �� 
 �� � � �� � /

J� � , � � � � 
 
 � 
 � � � � ! �� 
 �
 �� , � � � � 
 
 � 
 � � � � ! �� 
 �
 � "� � 
 � 6� 4 � 7�� � � 
 
 
 � � � � � � � � � � - - �� �� � 
 � � � � � . , � 
 
 � � � �
 �
� � 
 
 
 � � � � � � �
 � � �� �
 � � F� � 
 
 � , �. � 
 � �� � � 
 /�



20/11/2006 Design and Performance Optimization of the LHC Collimation System 12

� 
 # � 	 
 � # � � �
 
 � � � � � � � $� � � � � � %* ' ( )

� 1 � � � � �� 
 � � � � � 
 
 � 
 � ( � � �� 
 
 � � � � 
 � � 
 � � � � �� � � � �� � � � � � � - - � � 
 �� � � � � � - - � � 
 � 
 � � 
 � 
 � � � � � �� � 
 � � �
� 
 ���� �
 � �� � . �
 � � /�

� 1 � � 
 
 � � 
 - � 
 � � � � � � 
 
 � � �� . � � � . �� � - � 
 � � � � � ! � 
 � � � 
 ���� �
 � � �� � � 
 
 
 � � � � � � � � �� 
 �
� ?� � � �� � � � �
 � � � � � � � � � �( �� ( � �! � � �
 
 �
 � � � � � � � � �
 �� �� � � � � � 
� � � � � �
 �� �� � � � � � 
 � � � � 
 � ! �� , �
 � � �
 
 � � � �
� � � � � � � � �
 � � �
  
 �� �� � � �� 
 �� . �� � � � � �� � ! �� � ��� �
 � � �� � � � �� � � � � � �� � � � � � � /



20/11/2006 Design and Performance Optimization of the LHC Collimation System 13

� 
 # � 	 
 � # � � �
 
 � � � � � � � $� � � � � � %( ' ( )

� 2� � � ! ! �
 �
 � �� �� � � . � �� � � � � 
 
 
 � � �
 � � � ��� � � . � �� � � � � 
 
 
 � � �
 � � � � � � � � � �� 
 � 
 � � � � �� � /. /� �� F� � 
 �
 � * � � � � � ! � � � ��� F� � 
 �
 � * � � � � � ! � � � �
� � � 
 � �! � � �
 
 �
 � � �- � ��� � � �
 - �� �( �� ( � � �� � . � � 
� � � 
 � �! � � �
 
 �
 � � �- � ��� � � �
 - �� �( �� ( � � �� � . � � 
 /

� � � � � 
 
 � 
 � � � � � � � �� . �  � 
 � . � 
 � � � � � � � � � � ( �� ( �� 
 � �� � � 
 � �! � �� � ! � 
 
 � � � � 
 � 
 � � � ��� 
 - � 
 � � �
� �� � � �� 
 �� . � � � � � � � � � �! � � 
 � ��, �  �� � ! � �  � , �� � ! � �  � , - � 
 � � �
 � � 
 � � F� � 
 
 � , � � � ! ! � � � � !! � � � � ! 
 � 
 
 �
� �� � . � � 
 �! 
  � � 
 � � � � �; �- �� 
 �� � 
 
 � � 
 �
 � �� � 
 �� � </



20/11/2006 Design and Performance Optimization of the LHC Collimation System 14

+� 
 � � �
 � � � � � � � � ,

� 4 � ( �� . � �� 
 
 � � � � 
 � � 
 � � ��� �
 � � � � � � � � � �� � � �� 
 � � � � � � . � � 
 - � � ��
  � � �� � �
 � � � � � 
 � � �
� � � 
 � � � � �� � . � � � � 
 � . ��� � . � � � � 
 � . � 
 
 � � ��
  � � � - � � 
 � � � � 
 �
 � � 
 - � 
 � � � � � � � �� � � � � ! � �
 � �
� 
 ���� � 
 �
 � �� , � 
 � � �� � ! � � �� 
 � �� � ��� 
 � ! �
 �
 � � /

� � �
  ��� 
 � 
 �� � 
 � � ��
 � � � � "�C��C�� � �� �� � � �� � � � ���- � 
 �� � �� � @� �� � ! /

� 4 � � � � �� � 
 ��
 � � � � "�>/C��>/C�� ; �� F� � 
 �
 � <�
 
 �>/8�>/8� ; � 
 ���� �
 � <�
 
 �� � � 
 � ! �- 
 � �� � �
 
 �C>� /

� 
 � �� � ��%0 � �� � � � �� 
 �6�4 � 7"�8>� �� � � � ���- � 
 �� �� 
 � �� � ��%0 � �� � � � �� 
 �6�4 � 7"�8>� �� � � � ���- � 
 �� �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 15

, � 
 � � �
 $� �� � �� � � �� � � �� � � � �� �� � � �

cdilqp LRN ht /max ××»

Allowed
intensity

Quench threshold

Dilution
Length 
(50 m)

Cleaning inefficiency

=
Number of escaping p (>8.5ssss)
Number of impacting p (6ssss)

Beam lifetime
(e.g. 0.2 h 
minimum)

2� 
 � � � �
 , "

L � � � � � ���� �
 � �
 - �
 � � �%0 � �� � . � � 
 � "



20/11/2006 Design and Performance Optimization of the LHC Collimation System 16


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

9: �4 �. � 
 � � �
 
 �� � � � � � � �
 � � � ��� �� � , �
 
 � � � �� � � � �� � �M9: �4 �. � 
 � � �
 
 �� � � � � � � �
 � � � ��� �� � , �
 
 � � � �� � � � �� � �M

� ?� � � 
 � ! ��� � - - �� �� � � �� � �- 
 � �%0 � "



20/11/2006 Design and Performance Optimization of the LHC Collimation System 17

� � � ��� �

� 2� 
 � 
 ! � � 
 �
 �

� ) � � � �� � , � �� � �3 ��
 � � �� � � � � � �� � �

� 4 � � 
 � , �
 - �� 
 ���� � 
 �
 � "�� � 
 
 
 � � � � 
 
 � � �� � � 
 
 � � �� .

� $ � � � � � �� � ��! � � �. � �
 - �
 � � �%0 � �� 
 ���� � 
 �
 � �� , � 
 � �

� ) � � � ��
 � � �� � � � �5 2� 
 � � � �
 , ���� �
 � 
 �
 � �

� 	 � � � �
 � �
 - �� � � � �
 � � 
 �

� � 
 � � �� � �
 �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 18

 � �� �� �� � � 
 � �
 � $� � � � � � � � �� � � % � � )

� � � � � 
 
 � $ � � �� 
 � � � �� � 
 � �� . � � � 
 
 
 � � � ?� � � �� � � � � � � � � � � 
 � � � � � � ��� � � . �� �� � � ��� � � . �� �
! � - �� � 
 �
 � �! � - �� � 
 �
 � � � ��� � �
 � . � 
 � � � � - - � � 
 �� � � �� � . 
 � � 
 - � � � 
 � � �� �� G� � � � H� � , � 
 � � �
�� � 
 � �� . �� � 
 
 
 � /

� $ 
 ��� � � N� � 
 � � 
 � , � . �� � � 
 � � � � � �� 
 �
 � � � � 
  � � � � 
 � � � ( �� ( � O � � ! � 
 � � � �� � . 
 � � � 
 - �
� � 
 � � �� �"



20/11/2006 Design and Performance Optimization of the LHC Collimation System 19

� $ 
 � 
 � � � � � �
 � � �� � �� 
 �
 � � � � � � � � � � ! 
 � � � � � � � �� � � � � � �� � �� � � ;� � � ! 
 � � � � � � � �� � � � � � �� � �� � � ;PPCC���� PP88<<  �
 � � � � �� � � �

 - �O ; � <�
 
 �. � 
 �
 � � �� 
 
 � ! �� � 
 � � �
 - �
 � � �� � � 
 
 � � � ! �� � 
 
 
 � �� - 
 � � �� ��� � . 
 � �� �"

- � � 	 
 � � . � � �� $�� � � �� �  � �

� 2- � 
 � � � �� � � � 
 � � � � � � � 
 � � � �� � � � � ��� � � 
 � . � �� 
 � � � �� � 
 � �� . � � � 
 
 
 � � � �. � 
 � �� � � � �

 � � �� � 
 � � �� ��� � - 
 � � ��
 � �� � ! �9: �� ! . � �� - - � � 
9: �� ! . � �� - - � � 
 /



20/11/2006 Design and Performance Optimization of the LHC Collimation System 20

� # �� � 
 
 
 � ��� � � � 
 �� . �
 � �� �� 
 ���� � 
 
 � �� � � �� ?� � � �� � � � �� � � �
 � � �
 , � � � �
 - �&%2N� "

J�� � 
 
 
 �� � 
 
 
 � �� � � 
 
 
 � �;� � 
 
 
 � �; � �� � <<�� 
 � � � � 
 �
 � �

J� � � 
 
 
 �� � 
 
 
 � �� � � � 
 � 
 � �;� � � 
 � 
 � �; � �� � <<�� 
 � � � � 
 �
 � �

J� � � 
 
 
 �� � 
 
 
 � �� � � � �� 
 � �;� � � �� 
 � �; � �� � <<�� 
 � � � � 
 �
 � /

� � � � � � 
 - � 
 � � � � � � � � 
 
 � � �� . � � � 
 � � � � � � � � � � � � � � � �� � 
 ��� �� � 
 �� �� @� � � �@� � � ��� � �� � 
 ��� �� � 
 �� ; � �� . �� �
! �- - � � � 
 �� � <�
 � � �� � �� � 
 ���� � �� � 
 �� /

� 2- � �� � �� � 
 �� �� 
 � � � � � 
 � � � � � �� � � 
 � � �! � � � ! � � � � ! � � 
 � � � 
 �� �! � � 
 � � � 
 �� � �� � � � � � �- � 
 � � � 
 - � 
 � � �
� � 
 ! � � 
 � �
 - �
 � � ��� 
 � � � � 
 �
 � ��� �� �� � 
 
 
 � �; � /. /�� - 
 � � �� �� � �� 
 � � � � 
 �
 � <
9: � �� � 
 � � 
 � � � � � �� 
 � � � �� 
 � � � � 
 �� . � � � 
 
 
 � � �� � � 
 � � �! � � � ! � � � � � � � 
 � � � ! � � , � 
 � � �� 
 � � �! � � � ! � � � � � � � 
 � � � ! � � , � 
 � � �
� � 
 � � �� ��� �
 � ( �� � 
 � � �� ��� �
 � ( �; �
 � ����� 
 
 �
 � � � � ��� � , �- � � 
 � � � </


 
 �� � / � �0� � 1� � � � � � � �
 � � � %
 � 12� )



20/11/2006 Design and Performance Optimization of the LHC Collimation System 21

� &%2N� �� � � �! � - �� � ! �� , "

J� 
 � � � � � 
 � �� � 
 � � �� � � � 
 �
 � �� � � 
 �
 � � QQ� � � 
� � � 
 
 - � 
 � � � �� 
 � � � � 
 �
 � "� �
 � � 
 � � � � � 
 � ! � � 
 
 � 
 � � �
� � 
 � � � ���
 , �
 - �
 � � �� 
 � � �! � � �� � 
 � � � � �
 
 � 
 � � � �
 � � � � �

J� 
 � � � ! �- - � � � � 
 �� �� � � 
 � �! �- - � � � � 
 �� �� � � 
 � � �� � � � 
 �
 � � !� � � 
 �
 � � ! QQ� � � 
� � � 
 * ! ; �* ! ; � OO<<88�� 
 � �, � �- � 
 � � � � 
 � � �! � � � ! �
� � 
 � � � � � �� � � 
 � � ! � � 
 � � � 
 �� � /� 2
 � . �� � � � 
 � � � � � 
 � � � ���
 , � 
 
 � - �� ! � 
 � � � � � � 
 
 � � � ! �
� � 
 
 
 � �� 
 �� �. �� � � �� � . �� � !! OO �
 � �� �� 
 � � � 
 � � �
 - - � � 
 � ! �! � "

�� � �� � � � 
 � � � � "� �� � �� � ; �; � � /
 /� /� /
 /� /<�R�S/B�T�C/>S=�J��� U�; �<�R�S/B�T�C/>S=�J��� U�; � � /
 /� /� /
 /� /<<C*8C*8 VV/

� �� � � � 
 � � � � "� �� � �� � ;$ � 
 /<�R�CE/C�J�#;$ � 
 /<�R�CE/C�J�# >/==>/== W�X�J��W�X�J�� $ � 
 /�$ � 
 /�/


 � 12� � � � 	 � � � 
 $� $���� �� �

9:



20/11/2006 Design and Performance Optimization of the LHC Collimation System 22

� $ � �� �� � � � � � 
 � � �� 
 �� � �
 - �� � 
 
 
 � � � � 
 
 � � ��� 
 � � � � 
 �
 � � �� 
 �6�4 � 7"


 � 12� � �� � � � � � � 
 ���� � � 
 � � � � � � 3� � � 4


 
 �� � �� 
 � � � � � ! � �
 � �� � � � �! �� � � . � � � � �� 
 �6�4 � 7"�
 
 �� � �� 
 � � � � � ! � �
 � �� � � � �! �� � � . � � � � �� 
 �6�4 � 7"�QQN�R�C/B�N�R�C/B�YY� � !� � !



20/11/2006 Design and Performance Optimization of the LHC Collimation System 23

� $ � �� �� � � � � � 
 � � �� 
 �� � �
 - �� � 
 
 
 � � � � 
 
 � � ��� 
 � � � � 
 �
 � � �� 
 �6�4 � 7"


 � 12� � �� � � � � � � 
 ���� � � 
 � � � � � � 3� � � 4

9�! � * �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 24

� &� 
 
 
 � � �� � � � 
 
 �� � �� 
 
 � � � ! � �
 � �� � � ��� 
 �� ��� � . 
 � � �
 - �� � 
 � � �� ���- � 
 � � �F�  � 
 � �, �
 � � �
 
 �� � �� � � ! �9: �� � � ! �� �� � � 
 � ! ��
 � . � � �� �
 � ( �! � ! �� � 
 � ! �
 
 �� � � 
 � � 
 �
 �9: �� � � ! �� �� � � 
 � ! ��
 � . � � �� �
 � ( �! � ! �� � 
 � ! �
 
 �� � � 
 � � 
 �
 � /

� � 
 � �
 � � �%0 � ��� �++� !� ! � �
 � (� �
 � ( �� �� � � ! � ! "� � � � � ��� � . 
 �� � � � ��� � . 
 � � � �
 � � �8� ! 
 � � �� � 
 �� �. � � � �Z

� � � � � � � � �� �/ � � � � � � � � � � � � � �

9: �� � �� �. 
 � ��
 - �%0 � �� 
 ���� � 
 �
 � "�� �� �� �� � �
 � � 
 �� � , �� � �
 �� 
 � � �� 
 �9: �� � �� �. 
 � ��
 - �%0 � �� 
 ���� � 
 �
 � "�� �� �� �� � �
 � � 
 �� � , �� � �
 �� 
 � � �� 
 �
 �
 �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 25

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

BetatronBetatron cleaning

IR7

MomentumMomentum cleaning

IR3



20/11/2006 Design and Performance Optimization of the LHC Collimation System 26

� � � ��� �

� 2� 
 � 
 ! � � 
 �
 �

� ) � � � �� � , � �� � �3 ��
 � � �� � � � � � �� � �

� 4 � � 
 � , �
 - �� 
 ���� � 
 �
 � "�� � 
 
 
 � � � � 
 
 � � �� � � 
 
 � � �� .

� $ � � � � � �� � ��! � � �. � �
 - �
 � � �%0 � �� 
 ���� � 
 �
 � �� , � 
 � �

� ) � � � ��
 � � �� � � � �5 2� 
 � � � �
 , ���� �
 � 
 �
 � �

� 	 � � � �
 � �
 - �� � � � �
 � � 
 �

� � 
 � � �� � �
 �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 27

� $ � 
 � � �� �� - 
 � � 
 � � � � 
 ���� � 
 
 � �F�  � � � � � � 
 
 � � � � � � �� � 
 
 � � �� � � � � � �� � . � � - � � � 
 �
 �� �� � � � � � �� � . � � - � � � 
 �
 � 
 - �

 � � �� � � � �� � �
 �  �
 � 
 � 
 �� � - - � � �� . �! � � � . � �
 � 
 � 
 �� � - - � � �� . �! � � � . � ; � � � � ( � �� � ! * 
 � �! � - 
 � � � 
 �
 � </

� 4 � � � � �� � 
 � �� � �� � � � �� 
 �� �
 , � 
 - � 
 � � � � 
 ���� � 
 
 � � � � � � 
 � � � �� � � ! � � � � � � � ! � � � � � �� � ! �

 
 �� � � � ��� � 
 � � ���
 �� �

9: �� � � �
 
 �� � �
 � ( � � ��� 
 
 �� � � 
 � � 
 �- 
 � �� � 
 � � �� ��� � 
 �� � �� � � � ��9: �� � � �
 
 �� � �
 � ( � � ��� 
 
 �� � � 
 � � 
 �- 
 � �� � 
 � � �� ��� � 
 �� � �� � � � ��/

� 4 � � � � ��� �� �
 � � ! � 
 - - �� � 
  � � � �� 
 � � � 
 � � � � �� � ! ��� � � ! � � � � "

� � �
  �Z�9: � � �. � �� 
 � � � 
 � � � �� �. � �� 
 � � � 
 � � � � ) � 4 � �� � � ! � � � � ���� �
�� � � ! � � � � ���� �
 9: � ��� �
 ��� ���� �
 ��� � [[ JJ

� � � �. � �Z�9: � �
  ��� � � ! � � � ��
  ��� � � ! � � � � ) � 4 � � 
 � � � 
 � � � � ���� �
� 
 � � � 
 � � � � ���� �
 9: � ��� �
 ��� ����� �
 ��� �� 
 
 

 
 


56� � 7� � 8 � 1� � 1 
 � 8 89 � 8� � +� � � � � 19 : � � 1++8- 89 � � 
 � ! � 8�56� � 7� � 8 � 1� � 1 
 � 8 89 � 8� � +� � � � � 19 : � � 1++8- 89 � � 
 � ! � 8�

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

\\ %2$ 24�2�%2$ 24�2�
%� $ 2� 1 � 24 ]%� $ 2� 1 � 24 ]



20/11/2006 Design and Performance Optimization of the LHC Collimation System 28

� � 
 � � � � �� � � �, � �� �- 
 � �
 � � �
  
 �� 
 � � �� �� �� � 
 � � �� �� � �
 � �# � � ] � "

 � � � � �� �� � 
 � � 
 � � � � � &� � 
 ���� � � 
 � �

?�ES

?�C=

56� �56� � // � � �� � # � � � � 
 � � � � 
 $� � � � � � � � � ; � � � ���� �� � �� � # � � � � 
 � � � � 
 $� � � � � � � � � ; � � � ���� �

; ��� �
 �9�>/==<



20/11/2006 Design and Performance Optimization of the LHC Collimation System 29


 � 
 � 
 � � � � � � � � � � �� � � "� #


 � � � � �� . �� � . ��� 
 
 ��� . �� �� � �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 30

� � � � � . �� # � 
 � � � � � � � 
 � � �� � � 	 � � � 
 � 
 � � � � � � � � 0

+�� � �� � � � �� � � � � . � � �
 � �	 � �� 
 � 
 � � 
 � �
- 
 � �. � �! �� . ��� � . � �� � � � � � 
 �

&<* � �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 31

� 
 ���� � � 
 � � � � �� / 
 � � � �� �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 32

� � � ��� �

� 2� 
 � 
 ! � � 
 �
 �

� ) � � � �� � , � �� � �3 ��
 � � �� � � � � � �� � �

� 4 � � 
 � , �
 - �� 
 ���� � 
 �
 � "�� � 
 
 
 � � � � 
 
 � � �� � � 
 
 � � �� .

� $ � � � � � �� � ��! � � �. � �
 - �
 � � �%0 � �� 
 ���� � 
 �
 � �� , � 
 � �

� ) � � � ��
 � � �� � � � �5 2� 
 � � � �
 , ���� �
 � 
 �
 � �

� 	 � � � �
 � �
 - �� � � � �
 � � 
 �

� � 
 � � �� � �
 �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 33

� 	 � @� �� � ! � � � � - 
 � � � � � � � 
 - � 
 � � � %0 � � � 
 ���� � 
 �
 � � � , � 
 � � � �� � � � � ��� � . �� . "� � 
 �
� 
 ���� �
 � � � � � � . , �� 
 � �, � C� 
 � 
 � B>>>>� � � 
 
 
 � �C� 
 � 
 � B>>>>� � � 
 
 
 � � �� � � ��
  � ! � 
 
 � . � 
 � �
 � 
 � �� � � �
� � � � � � 
 � ! � � 
 �� . �� �� � � � 
 �
 - �
 � � �� � � � �� � �; �/� /� �� � - - �� �� � � , �
 - �8�?�C>�� � - - �� �� � � , �
 - �8�?�C>�� BB �� �� CC<

56� � �� � �� � �
 � � � 
 � � � � � ��� � �� � $� � � � � 
 � 	 �� �
 � � � � � � � � � � � � � 
 � � � 	 � � � � 	56� � �� � �� � �
 � � � 
 � � � � � ��� � �� � $� � � � � 
 � 	 �� �
 � � � � � � � � � � � � � 
 � � � 	 � � � � 	 �� � � �� ��� � � �� �
� � � � � � 
 � � � � � � �� � �� � � %� ����
 � � � 
 � � � � � � �� �� � � � � � 	 � 	 )� � � � � � 
 � � � � � � �� � �� � � %� ����
 � � � 
 � � � � � � �� �� � � � � � 	 � 	 )/

� ' �
 � � 
 � � � � � � � � �� � �� 
 
 
 �� � ! � � � �
 � � ! � ; � ?
 � � ! � ! � � � � � �
 � � 
 - � � �?4 � � � ( - 
 � �
� 
 ���� � 
 �
 � � � 
 � ! �� � <�� �
 � �� � � 
  � � 
 � � �� �� � 
 
 � 
 � � � ( � � � � ��� 
 �� � %0 � � � � � � �
� 
 � ! �
 �
 � � �- 
 � �� ����
 � � �
 - �� � � 
 �� �� � �
 � � � �� � � ! � � ! � �
 - �
 � � � �

9: � �
 
 ( � - 
 � � � � �
 �� � �� �
 � � 
 �
 � � � �� � 
 � � � � � 
 - � @� � � � � � � � 
 
 � � 
 �
 � � - 
 �9: � �
 
 ( � - 
 � � � � �
 �� � �� �
 � � 
 �
 � � � �� � 
 � � � � � 
 - � @� � � � � � � � 
 
 � � 
 �
 � � - 
 � � 
 
 � �� 
 
 � �
�� F� � 
 �
 � �;EB>�� � 7<�� � ! �� 
 ���� �
 � �� � � � . , �;6�4 � 7<�� F� � 
 �
 � �;EB>�� � 7<�� � ! �� 
 ���� �
 � �� � � � . , �;6�4 � 7</

� 4 
 �� � � � �� 
 � � � 
 �� . �
 �� � ��
 � �, �
 � � � � � � � �� � �
 �� �
 
 �� . �
 � � �� � �� � � , �F�  � �
 � � � � ! �� � � � �� � �
 �� �
 
 �� . �
 � � �� � �� � � , �F�  � �
 � � � � ! �
� 
 � =�� 
 � =� QQ �� � 
 � � � ( � ! � �� � 
 � � � � � � � �� � /� � 
 � ! �� � � ! 
 � � 
 
 � �� � �� ! � � 
 � � �� � � 
 - � � � . � � 
 �
�� � � � - � � 
 �
 � � � 9: � 
 � � � � 
 
 �
 � � 
 - � � � 
 
 
 � � � �� � � � � � � 
 � � � � � � � � � � � �� � � � � � � � � � �
� 
 � ! �� ! �� � � � � � 
 � �,� 
 � ! �� ! �� � � � � � 
 � �, � � �� . �� � - � ����� �=� �
 � � � 
 � � � 
- � ����� �=� �
 � � � 
 � � � 
 /

; � � � � �
 � � � � � � �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 34

� 4 
 � 
 � 
 � �� � � � � � � � 
 � � � � � � � �
 � � � � � � � � - � 
 � � 
 � � � � � � 
 � ! � � , � � � �
 � 
 � � � ( �� . � ! � 
 � �
! � ��� � � � ! � � , � 
 � � � � ?
 � � ! � ! � � � � � �
 � � 
 - � � �?4 � � � ( �� � � ! � 
 � ��� ! � %0 � � � � � � 
 � � � �! � 
 � ��� ! � %0 � � � � � � 
 � � � �
� � 
 . � � �� � 
 . � � �  � � � ! � � � �
 � � ! /�2
 � � ��
  � � �
 � � 
 �� . � � � 
 
 
 � � �
 � � � � �  �
 � � � � � � � � �� �
 � � 
 - ��
 � � 
 �� . � � � 
 
 
 � � �
 � � � � �  �
 � � � � � � � � �� �
 � � 
 - �
C>�� �C>�� � /

! � � � � � � � � � 
 	 � �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 35

� 
 ���� � � 
 � � � �� � 1- 3� %�� "� � � �
 � � � � � � �� � � )



20/11/2006 Design and Performance Optimization of the LHC Collimation System 36

� 
 ���� � � 
 � � � �� � 1- 3� %� 
 ���� �
 � � � � � � �� � � )



20/11/2006 Design and Performance Optimization of the LHC Collimation System 37

; � � � � &=� 1� "� � � �
 � � � � � � � �
� 
 � �� 
 � � � �� � � �
 � / � � � �� � 	 � � �� �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 38

: 
 �� � � � � 
 � � 	 � � � � � � � � � �� � ,



20/11/2006 Design and Performance Optimization of the LHC Collimation System 39

; � � � � &=� 1� "� � � �
 � � � � � � � �
� 
 � �� 
 � � � �� � � �
 � / � � � �� � 	 � � �� �

9: �# ���� � � ( � �
 - �� 
 �! ��
 � � � � �� � � �� � �
  �
 � � �� � 
 �� � 
 � ! �@� � � � � ���� �
 M



 �� F�� F 9�>/C��9�>/C��



20/11/2006 Design and Performance Optimization of the LHC Collimation System 40

; � � � � &=� � 
 ���� �
 � � � � � � � �
� 
 � �� 
 � � � �� � � �
 � / � � � �� � 	 � � �� �



 � 
 ��� 
 �� 9�>/8��9�>/8��



20/11/2006 Design and Performance Optimization of the LHC Collimation System 41

> � 	 � � � � � � 	 �� � � �
 � � � � � � � � � � � � � � �� �� � � � � � � � � �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 42

� 
 # � � 
 � �� � � 
 . � � � � � � � � � � 
 � � � � � � � � � � � � � � �

� &� � ��� �� � � , � � � � � �
 � �  �
 � � 
 � � � � � � �, � � 
 ���� � 
 �
 � � � , � 
 � �� � � �, � � 
 ���� � 
 �
 � � � , � 
 � � ; 
 � �, � � � �� � � , � � � ! �
� � � 
 � ! � � , � � 
 ���� � 
 
 � � � �� � 2	 6<� � � 
  � 
 � � 
 � � � � � �  � � � � � 
 � � �! � � �� . � � � �! � � ��
� � � � �� � �� 
 � � � �� � � �� 
 - � � 
 �! � �
 � � � � � � 
 � 6� 4 � 7� � � � � � � � 
 
 � CB� 
 �� � � � � �. � � � � 
 � � � ��� � � �� 
 - � � 
 �! � �
 � � � � � � 
 � 6� 4 � 7� � � � � � � � 
 
 � CB� 
 �� � � � � �. � � � � 
 � � � �

 � � �� � 
 �� � 
 � ! �@� � � � � ���� �

 � � �� � 
 �� � 
 � ! �@� � � � � ���� �
 
 - �� � �� � . � � 
 �

9: �� ! ! �
 �
 � � ��� 
 ���� � 
 
 � � �� � � �� � @� �� � ! �
 
 �
 � � � � 
 � �
 � � �� � � � �� � �� �9: �� ! ! �
 �
 � � ��� 
 ���� � 
 
 � � �� � � �� � @� �� � ! �
 
 �
 � � � � 
 � �
 � � �� � � � �� � �� � - � �,- � �,

� $ � �� �
 � � . � 
 � �- 
 � �� � � � �� �� � � �� . "

� � � � ! � � � �
 � � ��� � � ��
 - ��
 � � � � ��� �
 � � �! �� � � � � �
 � �� � � � � � � � 
 � �
 - �2	 6"

9: �� ! ! �� � 
 �� � �� � � 
 � � � � � �4 � %# N� �9: �� ! ! �� � 
 �� � �� � � 
 � � � � � �4 � %# N� �; 
 � � . � 
 � � <

� � � � 
 �! �� 
 �� ���� 
 � 
 �@� � � � � � � ��� �
 � � �� ?� � � �� � � 
 � ���� � � � 
 �
 � � "

9: �� ! ! �
 � � 
 �� � , �� 
 ���� � 
 
 � � �4 � 4N� �9: �� ! ! �
 � � 
 �� � , �� 
 ���� � 
 
 � � �4 � 4N� �; 
 � � . � 
 � � <

� � �� � 
 � ��� ! � ! �� � 
 � ! � � � � � �� � � � � 
 
 � � 
 �
 � � � �� � � � 
 � � - 
 � � � � � � � � �
 � � 
 - � � � � � �
�� F� � 
 �
 � �� � ! �� � � � �! � � � �- � ��� � � � "

9: �� ! ! �� � � � �� ��4 � � L �� � ! �4 � 2�� 
 ���� � 
 
 � �9: �� ! ! �� � � � �� ��4 � � L �� � ! �4 � 2�� 
 ���� � 
 
 � �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 43

; � � � � &=� � 
 ���� �
 � � � � � � � �
� 
 � �� 
 � � � �� � � �
 � ? � � ��� 
 � � � � � &� � � � � � �

9: �� � �
 �� � ���
 � � �� � �( � � �� � � �� � � �� � � ! � �
 � �� 
 ���� � 
 
 � �� � � 
 � � 
 �
 � �9: �� � �
 �� � ���
 � � �� � �( � � �� � � �� � � �� � � ! � �
 � �� 
 ���� � 
 
 � �� � � 
 � � 
 �
 � � � � � ( �� � � ( �



 � 
 ��� 
 �� 9�>/8��9�>/8��



20/11/2006 Design and Performance Optimization of the LHC Collimation System 44

@
 
 � � �� � 1- 3

9: �
 � �, ��
 � � � � �- � 
 � �� �. � �! �� � � � � �
 � �� � � � �� �) � 4 �F� � 
 �� �- �  �
 � � � �
 � � �@� � � � � ���� �
 �;$ L � <



20/11/2006 Design and Performance Optimization of the LHC Collimation System 45

� � �� �� � �� � �� � � � � �

� � � �
 �� � �� �
 � � � �
 � � 
 �
 � � � � � � � � 
 � � � � 
 � � 
 � ! � �� � 
 � � � 2	 6� ! �� � � � � �
 � � � � � � � � � � 
 �� 
 � � � � 
 � � 
 � ! � �� � 
 � � � 2	 6� ! �� � � � � �
 � � � � � � � � � � 
 � "�
�
 � � � � � �� � 
 � �� � � � . �
 � � � � � � � � � � � � � � � � � 
 �! � !� � � � � � � � � � � 
 �! � ! � � � 
 � � � � � � 
 
 � � �� . � � � 
 � � � � � � �
�� � 
 �� � ! � �� � 
 � � � � � 
 
 
 � � � � 
 
 � � � �� 
 � � � � 
 �
 � � � 
 � 
 � � � � 
 ���� � 
 
 � � �  ���� � � � , � �
. � � � � � 
 � �
 - - � � 
 � � � 
 � � �� � 
 
 
 � �

9: � � � �
 �� � �� � � � � � 
 - � 
 � � � � � � � �� � �� � � @� �� � � � � ?
 � � � � 
 
 � � 
 �
 � �  �
 � � �9: � � � �
 �� � �� � � � � � 
 - � 
 � � � � � � � �� � �� � � @� �� � � � � ?
 � � � � 
 
 � � 
 �
 � �  �
 � � � ! � ! �� � 
 � ! �! � ! �� � 
 � ! �
� 
 � �
 
 � �� . �� , � 
 � � �MMM� 
 � �
 
 � �� . �� , � 
 � � �MMM

� %� � � ��
 - ��
 � � ���
 � � � � ��� �2	 6��� � �, � ��� �
 � 
 �
 � � �
 � �
 � � �� � � � �� � ��� 
 � � � �
 ,��� �
 � 
 �
 � � �
 � �
 � � �� � � � �� � ��� 
 � � � �
 , MM



20/11/2006 Design and Performance Optimization of the LHC Collimation System 46

� >   ! - 7A� � � � � 
 � � � � � � � � � � � � � � � � �� . � 	 � # �� � � � � � �
� � ��� 
 � � � � � &� � 
 ���� � � �
 � � � � � � � �

	 � � � � �"



 �� F�� F 9�>/C��9�>/C��



 � 
 ��� 
 �� 9�>/8��9�>/8��



20/11/2006 Design and Performance Optimization of the LHC Collimation System 47

8� � 
 � � � � � � � � �
 � ?
� �� � �� � �� � � � � � � � 
 � �� � �� $� � � � 
 � $��

� � � 
 � � 
 � � � �! � � �� � � � � �� � � 
 � 
 �� � �� 
 � � � � � � � � 
 � ! , � 
 � � � � � � � �
 �� �
 , � 
 - � 
 � � � � 
 ���� � 
 �
 � �
� , � 
 � � � 
 
 � � � � ��� 
 �� � 
 � � �
 � � 
 � ! �
 �
 � �� � � ��� 
 �� � 
 � � �
 � � 
 � ! �
 �
 � � /� 	 � � � �
 � � � � � � � � � � � � 
 � ! � � � � � � - 
 � � 
 � � �
� 
 � �� 
 � 
 � ��
 � � �
 �
 � �,

� 2! � � "� � �� � �� 
 � � � �
 � � ! � 
 � � �
 � � � � 
 � � �  �
 � � ! �- - � � � � 
 � � � � � � � � � � � ! � � � � ��
 � ! � �! �- - � � � � 
 � � � � � � � � � � � ! � � � � ��
 � ! � � ��
� � � 
 � ! �� . �
 
 �
 � � �! � - �� � ! �� ��
  � � � � � "

� # � � 
 � � �
 � � � � 
 � � � � � � � � � . � � � � � 
 � ! � � , � 
 � � � � �� � ��. � � � � 
 � 
 - � � � @� � ! � � � 
 �� � � � . � � 
� �� � ��. � � � � 
 � 
 - � � � @� � ! � � � 
 �� � � � . � � 
 /�
4 � �� �� � � �� � �� �� � �� 
 � ! �� � �� . �� �! �� 
 �� �� 
 � � � � 
 
 � �� � . � � 
 � �; 
 � �� 
 � � � � � <

9: � � 
 ���� � 
 �
 � � � 
 � ! �� � "� � � � � 
 - � 
  
 � � 
 � � � � 
 
 � � � � . � � 
 � � 
 
 � � � � � � � ��9: � � 
 ���� � 
 �
 � � � 
 � ! �� � "� � � � � 
 - � 
  
 � � 
 � � � � 
 
 � � � � . � � 
 � � 
 
 � � � � � � � �� � 
 � � �� �� � � � � � � � �� 
 � � �� �� � � � � � � � �

 - �
 � � �� � � 
 �
 - �
 � � �� � � 
 � /



20/11/2006 Design and Performance Optimization of the LHC Collimation System 48

9 
 � �� � �� 
 � $�� =� # 
 � � � � � � � � � ?
; � � � � &=� � 
 ���� �
 � � � � � � � �



 � 
 ��� 
 �� 9�>/8��9�>/8��



20/11/2006 Design and Performance Optimization of the LHC Collimation System 49

� � �� �� � �� � �� � � � � �

� # � � �� � 
 � � � �! � � �� 
 � � �
 � � � � � �� �� � � � �
 � � 
 �
 � � � � � � � � � � � � 
 
 
 � ! � � 
 � � 
 ���� �
 � � � � � � . , � 
 � � � �
� 
 � �� F� � 
 �
 � � � � � � . , K� 
 � � � � 
 � 
 � � � �
 �� � �� � �� � � � 
 � � � � � � � 
 ���� 
 � � � ! �� 
 �� � � � ! �! �� 
 �� � � � ! �
@� � ! � � � 
 �� � � � . � � 
 � �
 - � � � ���A�� � ! �CC�
 - �
 � � �2	 6�! �� � � � � �
 � � � � � � � �@� � ! � � � 
 �� � � � . � � 
 � �
 - � � � ���A�� � ! �CC�
 - �
 � � �2	 6�! �� � � � � �
 � � � � � � � � � � 
 �� � 
 �  �
 � � � � � 
 
 �
CBD�� 
 � � �� � 
 
 
 � � �. � 
 
 �� . ��
 � 
 ��� �
 � � � � �� �� � � � 
 � /

� 2� �
 � � � � �
 - ��
 � � ��� �� � � �� . �� - - �� �� � � , ��
 � � � � ��� �� � �
 � � �
 - �� �- � � 
 
 � �C/E�
 � � �
 - �� �- � � 
 
 � �C/E/

� $ 
 � 
 � 
 - � 
 � � � 
 �� � �� � � �
 �� � �� �
 � � 
 �
 � � � 
 � � 
 � � � � � � � � �! � � 
 �- �� ! � � 
 � � 
 ���� �
 � � � � � � . , �
� 
 � � � � � 
 � ! �
 
 � � �� � � � 
 � �� �� � � ! , ���� 
 � ! ��� �
 � � ��� F� � 
 �
 � �� � � � . , �� � � �� �� � � � 
 � �� �� � � ! , ���� 
 � ! ��� �
 � � ��� F� � 
 �
 � �� � � � . , �� � � � /



20/11/2006 Design and Performance Optimization of the LHC Collimation System 50

� > � � �  8� � +� � � 8� ; 8!  � � � � � � � � > � 18� � ?

 - 8� 1� � 8� � � � 8! 9 19 : � 
 8- +� -  ! 9 � 8

9: � 
 � � � � 
 �� . � 
 � � � � � � � �� � �  �
 � � 
 � � �
 � � � � 
 � � � � � � � ��� �
 � 
 � � � � � ?�� � �9: � 
 � � � � 
 �� . � 
 � � � � � � � �� � �  �
 � � 
 � � �
 � � � � 
 � � � � � � � ��� �
 � 
 � � � � � ?�� � � � ��
  � ! �� ��
  � ! �
�� 
 � � � �
 , �
 
 �86D�
 - �
 � � �� 
 � �� � ��� � �� ��� 
 � � � �
 , �
 
 �86D�
 - �
 � � �� 
 � �� � ��� � �� � - 
 � �
 � � �� 
 � � �! � � � ! ���- � 
 �� � � /

� 
 
 � " 
 � �, � �! � � ��� � 
 � ��! � � ��� � 
 � �  � � �� � � ! �- 
 � �
 � � �� 
 ���� � 
 �
 � �� , � 
 � � I



20/11/2006 Design and Performance Optimization of the LHC Collimation System 51

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

9: �� 
 � 
 �
 - �
 � � ��
 � � 
 �
 � � �� � 
 
 
 � ! �� 
 �� 
 ���� �
 � �� � � � . , �� � � �� �� � � ! ,9: �� 
 � 
 �
 - �
 � � ��
 � � 
 �
 � � �� � 
 
 
 � ! �� 
 �� 
 ���� �
 � �� � � � . , �� � � �� �� � � ! , ��� 
 � ! ��� ���� 
 � ! ��� �

 � � ��� F� � 
 �
 � �� � � � . , �� � � � /
 � � ��� F� � 
 �
 � �� � � � . , �� � � � /

�� F� � 
 �
 ��� F� � 
 �
 � � 
 ���� �
 �� 
 ���� �
 �

� # � 
 � 
 �+6>>�) � � � �%
 � � �$ 
 � �
 
 � � ; ) %$ N� �� 
 � ( �� � ��
 � �� � 
 �
 � *  �� � � � � � � � � � � <�
� � � � � � � � 
 � � 
 � ! � � � 
 � � ! � 
 � � � 
  
 � � �� . � � 
 - � 
 � � � � � � � �� � /� 1 � �, � � � � � ! � � � ! �
� � � � � � � 
 - � 
 � � � � �� � � � @� �� � ! � � 
 � 
 � � � � 
 � � 
� 
 � � 
 �� � � � 
 - � 
 � � � � � � � �� �� � � 
 - � 
 � � � � � � � �� � - 
 � � � � - � �
� 
 � � �� � �
 � �� . �9: �G. 
 �! � � H��
 � � 
 �
 � � ��! � � 
 �- �� ! �� , �
 � � � ( �� . �� 
 � ! �� � �MMM9:�G. 
 �! � � H��
 � � 
 �
 � � ��! � � 
 �- �� ! �� , �
 � � � ( �� . �� 
 � ! �� � �MMM



20/11/2006 Design and Performance Optimization of the LHC Collimation System 52

8� � � � � � 	 � � 
 � �� �
 � � � � � 	 �� � � %&' ( )

� 2� � � ! ! �
 �
 � � 
 
 � 
 � � � �� � � �� 
 - � ! �� � � 
 � � � 
 
 
 � � �
 � � � � � �� � 
 � � � � � � � �� � � � 
 � � 
 - � 
 � � �
� � � � �� � �� �
 � �� � �� � 
 � 
 � � 
 � 
 
 � � � � � ( � - 
 � � 
 � � � � � 
 � � 
 � 
 - � � � � � . , � ! � � 
 � �
 � ! � � , � 
 � � �� � 
 � � 
 � 
 - � � � � � . , � ! � � 
 � �
 � ! � � , � 
 � � �
� � � 
 �� �� �� � 
  � � � �� 
 � �� . �- � 
 � ��� � �� � 
 �� ��� 
 � � � � 
 �
 � � ��� �
 � � �� 
 ���� � � 
 �� �� �� � 
  � � � �� 
 � �� . �- � 
 � ��� � �� � 
 �� ��� 
 � � � � 
 �
 � � ��� �
 � � �� 
 ���� � 
 
 � �F�  �� � 
 
 � �F�  �

9: �� � � � � %� X#� %� X# 
 
 �� � � �, � � �� � � � . , �� � ! �� � ! �� 
 �
 � �! 
 � � � �MM

� 4 � � � ( �� . � � 
 ! � � ! � ��� � � � � 
 � � � � � � � � � � � � ! � �
 � . �
 � ! �� � �� � � � � � 
 - � �� � �� � 
 �� � � � � 
 
 � � �� . � �
- 
 � �� ���F�  � �
 - �
 � � �&� � � � �C�� , � 
 � �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 53

8� � � � � � 	 � � 
 � �� �
 � � � � � 	 �� � � %* ' ( )

� � 
 � �� %� X# �
 � � � "



20/11/2006 Design and Performance Optimization of the LHC Collimation System 54

8� � � � � � 	 � � 
 � �� �
 � � � � � 	 �� � � %( ' ( )

� � � �. � �
 - � � � � �� � . � � 
 � �
 � �, �� ��
  � �- 
 � �B>�$ � ,B>�$ � , 
 
 
 � ��! 
 � � �MMM

� � 
 � �� %� X# �
 � � � "



20/11/2006 Design and Performance Optimization of the LHC Collimation System 55

� � � ��� �

� 2� 
 � 
 ! � � 
 �
 �

� ) � � � �� � , � �� � �3 ��
 � � �� � � � � � �� � �

� 4 � � 
 � , �
 - �� 
 ���� � 
 �
 � "�� � 
 
 
 � � � � 
 
 � � �� � � 
 
 � � �� .

� $ � � � � � �� � ��! � � �. � �
 - �
 � � �%0 � �� 
 ���� � 
 �
 � �� , � 
 � �

� ) � � � ��
 � � �� � � � �5 2� 
 � � � �
 , ���� �
 � 
 �
 � �

� 	 � � � �
 � �
 - �� � � � �
 � � 
 �

� � 
 � � �� � �
 �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 56

: 
 � �� � 
 � � � � � � $� � � � � � � � �

� # � � � 
 
 
 
 , � � � 
 - � � � %0 � � � � � 
 � ! � � , � � 
 ���� � 
 
 � �  � � � �� � 
 � ��� ! � �� � 
 � � � � � 	 � � � &�� � 	 � � � &�
; � � � � � �&� 
 
 
 � �� , � � � � 
 
 � 
 � <�
 
 �� � � - 
 � � �
 � � 
 � ��� �� � � ��� 
 �� �%0 � �� � � � �� 
 � ! �
 �
 � � "

� 4 � � 
 � �� ��
  � ! �
 
 �� � � � ( �
 � � �� � � � ��
 � � �� 
 � �
 
 � � �;) %$ N� <�� � � � 
 � � � �
 
 �
 � � �� � 
 �
 � �
 - �

 � � � � 
 ���� � 
 
 � �F�  � � 
 � � 
 � � � � � � � �9: ��� � 
 � 
 � � 
 �� � � � �
 � �- 
 � � � 
 
 � � � � � � � � � , � �� � � � � ! �9: ��� � 
 � 
 � � 
 �� � � � �
 � �- 
 � � � 
 
 � � � � � � � � � , � �� � � � � ! �
� � 
 � � �
 - �� � �� � � � 
 � � �� 
 � �� 
 � �
 
 � �� . �� , � 
 � � �- 
 � �
 � � �%0 � �MM� � 
 � � �
 - �� � �� � � � 
 � � �� 
 � �� 
 � �
 
 � �� . �� , � 
 � � �- 
 � �
 � � �%0 � �MM

� 	 
 � � � 
 � � � � �
 � � 
 � � � � � �� � � - 
 � � � ! �
 � �� �� � � 
 � ! �� � 
 
 
 
 , � � �� 
 ���� � 
 
 � �� � 
 � ��� ! ��� �� �
� &� �� ?
 � � � 
 �
 � ���� � �9: �� � � � ( �
 � � �� � � � � � �� � ��� � 
 � � � 
 �� � �
 - �
 � � �F�  �� � 
 � � �� ��MM9: �� � � � ( �
 � � �� � � � � � �� � ��� � 
 � � � 
 �� � �
 - �
 � � �F�  �� � 
 � � �� ��MM



20/11/2006 Design and Performance Optimization of the LHC Collimation System 57

� � � 
 � � � 
 � � � � � � � 
 � � � B� � � �� � � �

� ) %$ N� �� �. � � �� � � �� � @� �� � ! �� � ! �� � 
  � � �� �� � � ��
 �� ��� �� � � ��
 �� � �� �
 � � �� 
 � 
 � 
 ��� 
 
 �

� # ��� � � �� � � � 
 � ! � 
 � � ;F�  � � 
 � � � � � 
 �� ) %$ N� � � � � ! �� . � �� � � � � � �� 
 � � � �
 , <  � � � � 
 
 � � ! � �� �
! � ! �� � 
 � ! �- ��� � �- 
 � �- � � 
 � � � �� � � �, � �� /�



20/11/2006 Design and Performance Optimization of the LHC Collimation System 58

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



20/11/2006 Design and Performance Optimization of the LHC Collimation System 59

; � � � / $� � � 	 � � ��� � � � � � � � � � � 
 	

� ) � � 
 �  � , � 
 
 � � � � 
 � � � 
 � � � � 
 ���� � 
 
 � � F�  � � � � 
 � � ! � 
 � � � � � � � � �� � 
 
 � � � �, � 
 � � 
 � � � � � � ! �� . � � 
 - � 
 � � �� � �, � 
 � � 
 � � � � � � ! �� . � � 
 - � 
 � � �
) %$ N�) %$ N� ! 
  � � 
 � � � � �
 - ��
 /�4 � � �� � �. � 
 �
 - �
 � � ��
 � � �� �. � � ���� �� � �� 
 � ! �
 
 �
 � � �- � � � 
 �
 � �
 - �
 � � �� � � � �
� � �
 �� �� � � � ! �� , �
 � � �� 
 ���� � 
 
 � /

� $ 
 � �� . �
 � � �F�  �
 � �, ��
 � � �) %$ N� �� �. � � �� ������ � � � � � � �
 � � � ��
 �
 
 � � � � � �
 � � �� ! . � �
 - �
 � � �� � � � �

9: �� � � � 
 � � �� � � � � �� ! . � � �
 � �� 
 
 � �� �! � � �
 - �
 � � �� � � � �MM9: �� � � � 
 � � �� � � � � �� ! . � � �
 � �� 
 
 � �� �! � � �
 - �
 � � �� � � � �MM

� 4 � � � 
 
 � � � �F�  � �� � 
 � � � � � � � 
 � 
 
  � � ! � � 
 � � � � � � � � �� � � � � ��� � 
 � � � � 9: �F�  � �  ���� � � � � � � 
 � � � ! �  � � � �9: �F�  � �  ���� � � � � � � 
 � � � ! �  � � � �

 � � �) %$ N� �� �. � � ��� 
 � � 
 � ��� � � � � � �� . �� . � �� �MM
 � � �) %$ N� �� �. � � ��� 
 � � 
 � ��� � � � � � �� . �� . � �� �MM



20/11/2006 Design and Performance Optimization of the LHC Collimation System 60



20/11/2006 Design and Performance Optimization of the LHC Collimation System 61

 � �� � � � � �� . � � � � � � � 
 � � � 
 ���� � � 
 � � � 
 � � � 
 �

� � 
 � 
 � 
 �� 
 - � 
 � � � � 
 ���� � 
 
 � � � � �- � . � � �  �
 � � � � � � � � �� �
 � � 
 - � ^� B>�� � � � �� �
 � � 
 - � ^� B>� YY��  � � � � � � �� � � ! �
� � � � � � � - � ��, �MM

� 	 � � � 
 ! � � �� ���
 , �
 - �� 
 � � � � � 
 "�^�8>�^�8>�YY� �
 � � � �C=�� 
 � � � �
 - �
 � � 
 �� �
 � � � �C=�� 
 � � � �
 - �
 � � 
 � MM

� � �
 � � � 
 � . � � �  �
 � � � �� � � �� 
 �� . � � � � � "� W� C� � � �� � � � � � � � � ��� � � 
 � � � �  � � 
 � �� � � � @� �� � ! �W� C� � � �� � � � � � � � � ��� � � 
 � � � �  � � 
 � �� � � � @� �� � ! �
- 
 � �%0 � �6�4 � 7�� � 
 
 
 � �� � � � �MMM- 
 � �%0 � �6�4 � 7�� � 
 
 
 � �� � � � �MMM

� 4 � � �� 
 � � �� 
 � �� ��. � � � � 
 �� � 
 � � ! � � � �
 � ( � � � � � 
 � � ! �C>�� �� � 
 � �� � 
 � � ! �C>�� �� � 
 � � /

� � � � 
 � � �� . � 
 � � � � 
 ���� � 
 
 � � F�  � � � � @� �� � � � 
 � 
 �� � �� � �
 � � ! � 
 � � �
 � � 
 � 
 � 
 �"� � � � 
 � � ���
 , �� 
 � � ���
 , �

 - �^�C>�
 - �^�C>�YY��  � � �� � � �� � � ! �- 
 � �� � �
 
 �C=�� �� � � �� 
 �� . �� � � � � � � /



20/11/2006 Design and Performance Optimization of the LHC Collimation System 62


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

� � � 
 � � 
 � � � � 
 � � 
 � 
 - � 
 � � �

 � � 
 � �� 
 � � � � � � � � � 
 - � 
 � � �� � � � � � 
 - � 
 � � �
) %$ � � �. � � �� � � ! � � 
 � � 
 � �� . �) %$ � � �. � � �� � � ! � � 
 � � 
 � �� . �
�� 
 � � � � 
 �� . I�� 
 � � � � 
 �� . I

� 1 � � �  
 � �! � � ?� � � 
 � 
 � � � � � � ( �

 
 � ! � 
 � � � � � ( � 
 
 � �
 � � 
 � �. �� � ��
�� � � �� 
 � � � � 
 � � � F�  � � 
 
 � � �
� 
 � �� .

9: � �� � 
 � � ! �� � �. � � �� � � � � � � 
 � �9: � �� � 
 � � ! �� � �. � � �� � � � � � � 
 � �
� � � � ?� 
 � � � 
 �� �� ! � � � , ��� � � � ?� 
 � � � 
 �� �� ! � � � , ��
� � 
 � 
 �+>�� � � 
 � ! � ��
 � . �MM� � 
 � 
 �+>�� � � 
 � ! � ��
 � . �MM

9: �� ��
  � ! �
 
 �� � � - 
 � � �- � � 
 � � � �� 
 � ! �� � ��
 � �
 � � �� � � � � �
 - �
 � � �� � � � �9: �� ��
  � ! �
 
 �� � � - 
 � � �- � � 
 � � � �� 
 � ! �� � ��
 � �
 � � �� � � � � �
 - �
 � � �� � � � � � 
 �
 � � �� � � � � �� ! . � � �MMM� 
 �
 � � �� � � � � �� ! . � � �MMM
;� 
 
 �� � � ��  � ! �� � � � <



20/11/2006 Design and Performance Optimization of the LHC Collimation System 63

- 
 $� � � � � � � � � � � � �

� � � � � � 
 � � � � � 
 � � � � � 
 - � � � %0 � � ��( � � � � � � �  � � � � ! � � � � ! �! � � � � ! � � �
 � � � � 
 �� � �, � 
 � 
 
 � 
 � � � 
 - �

 � � � � � 
 
 
 
 , � � �� 
 ���� � 
 
 � �F�  �� � 
 
 
 
 , � � �� 
 ���� � 
 
 � �F�  � � � ! �� � - �?� ! �
 � � . � 
- �?� ! �
 � � . � 
 /

� ) � � � �� 
 � ! �
 �
 � � "�+� C+�� � 
 
 
 � � �;E�� � 
 � � � � <��EB>�� � 7��>/6?C/8�� � 8 ; � � � <�

9: �� 
 � � ! �� � � 
 � ! �� . �
 - �
 � � ��� � � � 
 ��� @� �� � �� � 
 �
 
 �>/B�( . �
 - �4 � 4 �MM

C-C jaw

TED Dump

Microphone



20/11/2006 Design and Performance Optimization of the LHC Collimation System 64

! � � � � � � �
 � � � 	 � � � � � � �

� 1 ��F�  � �� � � ��� 
 � � 
 "�

� 
 �� � � � ( � ��� 
 �! � � 
 �MMM



20/11/2006 Design and Performance Optimization of the LHC Collimation System 65

� � � 
 � � � � �
 � � � � 
 � � � � 
 � 0� � � � � �� �

� � � � � ( �� . �
 � � �� � 
 
 
 
 , � � �� - 
 � � �
 � � �
 � � 
 � �� � 
  � ! �
 � � 
 �
 � � �� � � � 
 � 
 �� � � � 
 � � ��, �
� � - - � � � ! �� 
 � � �! � - 
 � � � 
 �
 � ��
 � �
 � � �
 � ! � � �
 - �+>>� +B>�Y� /

� # � � ] � �� �� � �� 
 �
 � �
 � �
 � � � � 
 � � �� � 
 �� �� � � � � �
 � �
 - �
 � � �F�  �� � � ! �� 
 �! � - 
 � � � 
 �
 � �

 - �� � �
 
 �+=> Y� 9: �� ?� � ��� � 
 �� 
 � - �� � � 
 �
 � �
 - �� � � � � 
 � � �� � � � . , �! � � 
 � �
 �
 � �9: �� ?� � ��� � 
 �� 
 � - �� � � 
 �
 � �
 - �� � � � � 
 � � �� � � � . , �! � � 
 � �
 �
 � �
� 
 � ! �� � �- 
 � �
 � � �! � � �. � �MMM� 
 � ! �� � �- 
 � �
 � � �! � � �. � �MMM



20/11/2006 Design and Performance Optimization of the LHC Collimation System 66

� � � ��� �

� 2� 
 � 
 ! � � 
 �
 �

� ) � � � �� � , � �� � �3 ��
 � � �� � � � � � �� � �

� 4 � � 
 � , �
 - �� 
 ���� � 
 �
 � "�� � 
 
 
 � � � � 
 
 � � �� � � 
 
 � � �� .

� $ � � � � � �� � ��! � � �. � �
 - �
 � � �%0 � �� 
 ���� � 
 �
 � �� , � 
 � �

� ) � � � ��
 � � �� � � � �5 2� 
 � � � �
 , ���� �
 � 
 �
 � �

� 	 � � � �
 � �
 - �� � � � �
 � � 
 �

� � 
 � � �� � �
 �



20/11/2006 Design and Performance Optimization of the LHC Collimation System 67

� 
 � � �� � �
 � � %&' * )

� � �� � �� 
 �
 � � �  � � � � � � � - 
 � � � ! � - 
 � � 
 � � � %0 � � � 
 ���� � 
 �
 � � � , � 
 � � �  �
 � � � �. � �- �� � � 
 �, �
� ?
 � � ! � ! � � 
 � 
 �� 
 � 
 � �� 
 -
 - �� 
 � �
 � � �� � � 
 � 
 � � � ( �� . � 
 
 
 ��� � 
 � 
 � � � ( �� . � 
 
 
 �� /�&� 
 
 
 � � �
 � � � � � �� � 
 � � � � � � � �� � � � � � � � 
  �
! � � � � �� � ! � 
 
 � 
 � � �C>�� � � �� � � �C>�� � � �� � � �  �
 � � � �8�?�C>� = � � � 
 �� 
 �
 � � 
 � � � �� � � �� . � � � � - 
 � � � � � � /�
&� � ! �� 
 �
 � � � � � � � � 
  � � � � ! 
 � � � - 
 � � 
 � � � - � ��� &� � � � � C� � , � 
 � � � - 
 � � � 
 
 � � � � � � � ��� � �- � ��� &� � � � � C� � , � 
 � � � - 
 � � � 
 
 � � � � � � � ��� � �
� 
 � � �! � � �� . �� � � �
 � � � � � � 
 � �� � � � � � �
 �� � � 
 � �� � � � � � �
 � /

� � �� � � �� . � � - - �� �� � � , � � � 
 � �! � � 
 
 � � � � � � � �� � � � � - 
 � � �� F� � 
 �
 � � � � � � . , � � � � � � ;EB>� � � 7EB>� � � 7<"�
� � � � �  �
 � � � � � � � 
 � � � � ! � 
 � � �
� � � 
 � � � � ! � 
 � � �
 �� 
 � � � � � � � �� � � � � � � � � � ! �� � � �
 � � � 
 
 � 8B>� D8B>� D 
 - � 
 � � �
� 
 � �� � ���� 
 � � � �
 , � �
 � 
 � 
 �� � � � � � 
 � ! � � 
 �� . �@� � � � � � � �- 
 � �� �� � � � ���- � 
 �� � �
 - �>/C��>/C�� /

� # 
 �
 
 � �� � � � . , �; 6�4 � 76�4 � 7<��
 � � �� � � � ��� 
 � � � �
 , ��� ���� �
 � ! �
 
 �E+�DE+�D 
 - ��
 � �� 
 � �� � ��� � �� � �
- 
 � � � � >/8� �>/8� � � � � � � ��- � 
 �� � � �� � 
 � � � �! � � �� � � � � /� 2- � 
 � � � � 
 � � �! � � � � 
 � �� � �� 
 � � �
 �� 
 � �� � �� 
 � � �
 �
� � � � � � �
 �� � � � � � �
 � ���
 � � �� � � - 
 � � � � � � �� � � � � ��� �� � ! � � � ! �
 
 �86�D86�D 
 - �
 � � �� 
 � �� � ���� 
 � � � �
 , /

� 2� � 
 
 
 � ���BA�G. 
 �! � � H��
 � � 
 �
 � � �  � � � � ��� 
 � ! � � � � � � �
 �� � �� � �� � � � 
 � �BA�G. 
 �! � � H��
 � � 
 �
 � � �  � � � � ��� 
 � ! � � � � � � �
 �� � �� � �� � � � 
 � � � � . � � ! �� . �@� � � � � �
��� �
 � � 9: � � 
 � 
 � � � 
 � � � �� � �
 � � 
 �
 � � � - � 
 � �  � � � � � 
 � � %0 � � � � � � � � 
 � �
 
 � �� . � � , � 
 � �%0 � � � � � � � � 
 � �
 
 � �� . � � , � 
 � �
� � 
 � �! �. � 
 �� �� �. � � �/



20/11/2006 Design and Performance Optimization of the LHC Collimation System 68

� 
 � � �� � �
 � � %* ' * )

� &� 
 
 
 
 , � � �
 � � 
 � �� ��
  � ! �� � � � ( �� . �
 � � � � � � � � � � , �
 - �
 � � �� � �� � 
 � ! �� 
 � 
 � 
 ��� , � 
 � �� � � � � � � , �
 - �
 � � �� � �� � 
 � ! �� 
 � 
 � 
 ��� , � 
 � � "�� �
� � � 
 �� 
 �
 � � 
 - �^�B>�Y�  � � � � � � �� � � ! � 
 � � 
 � � � � 
 ���� � 
 
 � � . � � ��  �
 � � � � � � � � 
 ! � � �� ���
 , �

 - �^�8>�Y� /

� 2� � 
 � 
 � � 
 � � � , � �� � �� � � � �
 � �� � , � �� � �� � � � �
 � �
 � �� � � � �
 � ���� � � 
 � � �� 
 �
 � � � � � �
 � 
 � �� � ! "�
 � � �� � � � � �
 - �

 � � � � � � � � � 
 � 
 � � � � 
 ���� � 
 
 � � � ! . � � ��� �
 � 
 � � � � � � � �� �
 � � 
 - � 
 � � �F�  � � 
 � � � � � 
 ���� �
 � 
 � � � � � � � �� �
 � � 
 - � 
 � � �F�  � � 
 � � � � � 
 �  � � � �

 � , �� . �
 
 �� � � 
 � � �
 � � �� 
 ���� � 
 
 � �
 
 � � � 
 
 � � �
 � � � �B>�� � 
 
 � � �
 � � � �B>�YY�� /

� 4 � � � � � 
 �� � � 
 - � � � � � ; � � � � 
 � � � �� � � � � 
 � � 
 � �
 � < � � � � � 
 � � �� �� - 
 � � 
 � � � %0 � � &� � � � � C�
� 
 ���� � 
 
 � � � � � 
 � �! � � � 
 � � � � � @� �� � ! � � 
 � � � 
 � � � �� � @� �� � ! � � 
 � � � 
 � � � � � � � � 
 � � � � � � � � 
 � ! � � � . � �  � � � � 
 
 � ! �
� � ! �! � - 
 � � � 
 �
 � � �� �
 � . �
 � � �F�  �� 
 � , � ! � �
 � �� �
 
 �� � � � � � � /



20/11/2006 Design and Performance Optimization of the LHC Collimation System 69

� � � �
 
 0

� 	 � � � �
 � � � � � � � � 
 � ! � � � � � � � 
 � � �! � � � � � � 
 � � � 
 ! � �� � - 
 � � 
 � � � � � � � � 
 � � �
 � 
 � �,� � � � � 
 � � �
 � 
 � �, K� - � � 
 � � � �
� 
 � ! �� � � � � � � � �� � � � ! � 
 
 � � �� � �� 
 � � 
 � � � � � � � �
 �� �
 , � 
 - � 
 � � � � �� � � �� . � �� � � � 
 �
 � � � 
 
 �
� � 
 �� � 
 � �� � � � 
 �� . �� � � . � � 
 � � 
 �� � � 
 �� . �� � � . � � 
 � � 
 � �� ��� � � � �
 �� � � � � ! � � � � 
 � � � �� � � 
 ���� � 
 
 � � � � 
 
 �� . � ���� � � � �
 �� � � � � ! � � � � 
 � � � �� � � 
 ���� � 
 
 � � � � 
 
 �� . � �
; � �� � ��. � � � � 
 �
 � �
 ��
 </

� # � &� � � � � 8� � , � 
 � �&� � � � � 8� � , � 
 � � �� � � � � � � � 
 �, � � � �� . � ! � � � �
 � � ! � 
 
 � . 
 � � � , 
 � ! � 
 � � � � � � � � � 
 �
��� �
 � 
 �
 � � � 
 - � 
 � � � � � � � �� � � � � ! � 
 
 � � � � �� � � � %0 � � � � 
 
 
 � � � � � � �  �
 � � 
 � � � � �
 �� � 
 � �
�� 
 � � � �
 , � ; � � 
 � 
 � E>D� � �. � � � � 
 � � � � 
 � � � � � � � � � 
 � � 
 � �� � �� � � �� � </� � 
 � � �� � �
 � �� . 
 - �

 � �� � &� � � � � 8� � , � 
 � � �  ���� � � �, � � � � � ��, � 
 � � 
 � � � � � � � � �� � �� 
 
 
 �� � ! � � � �
 � � ! � - 
 � � 
 � �� �� � �, � � � � � ��, � 
 � � 
 � � � � � � � � �� � �� 
 
 
 �� � ! � � � �
 � � ! � - 
 � � 
 � �� �
&� � �� 
 � ! �� �&� � �� 
 � ! �� � /

� # ! ! �
 �
 � � �� � 
 � ! �� � �  �
 � � 
 � � � � � � � � �� � � �� 
 - � � � � 
 �� 
 �
 � � � � � � � �� � � � ! - 
 � � 
 � � �
� 
 � � � 
 � � �� �� � � �� . �� 
 ���� � 
 
 � �� 
 � � � 
 � � �� �� � � �� . �� 
 ���� � 
 
 � � �
 � � 
 � ! ��� �
 � � �2	 +��� � � � 
 �
 � �
 - �%0 � /


