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WP2, 9 Hz, ∆∆Qx = 5.5e-03
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WP2, 40 Hz, ∆∆Qx = 1.1e-03
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(a)  Horizontal beam position monitor
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(b)  Vertical beam position monitor
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~+�0X7���Hm��Hx�q�m�o��6s]p&p��0XYr m:��t�w�@�6p&q5r�m�o5q[r�|d�
A2Xa�"RC� (Wx�w&lMq�t�r3t�u���u�XY�du��3l�|N�6pHu�x�qjm�o]rYwHm�� � �U~+�(XPu��Hx �0s]X�m�{(u�lMu!�Wr���{0s]qjt&m��Hx�u m:�Ht`q���Ws&lMuaX�m z o[u
�6r$q[lys&ojm�rYq��&{+t�q#�Yx�s��%�6q��)���".2q#�O�6s&p&p��(XYrC~+�0X�rYw&u m0t&m�p&r�m�rYq����F��~3rYw]u+x �0l�p&s&rYuaXSx �Wt�u�( � � �s2U31W��
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� :�< 	 x I ]�I x %4Q]��$*$am8"G3 0+��$5(&%'� 3(%5;�'� ! $.���JR � � ! (&��� R�.O(��,%5$.�\. 3(.%F0 � � � ! � ` 1 ��*�T%'�S�\.p0+%�$*��%�� ! �T�%�+B&�T$\$*G�@.Oc'��� R 1 *%@R5G�40 !*6 mWX >/�;A _ >^8 `r' � `@=5Y-`0: � I
� :�f 	 r$I � IF8q.� !*! ��$]��OiITmW"YA � 0+�P*�\.P��O�*�z.
� 1 � ! �T� X 6 mSX]�<0_B&.�Q�~R��l�4�&�T*��P ! �T$r,t8q*� !.! m&X]�<0_B&*�z�~R5�A � DFD@E C I
� :�= 	 ]�I 3SI'L � +0)�,�)�����g6VI�h�IV8N�aRFR ! mq"G3 ! $G�,���&�,G�?3(%�4$5(&� ! 0+�@�� 6 m 6J69X�`rA `[<5Y4HBA � D5=@D C I
� :@D 	 _ IN69.b(��F.b(&��� R5��p�����j} Iq}��,�nm^"G�\�4.
���'$p6J6&X&:;,'���40+�\.)3 1 ��.$ � .�7]��@� !-� *�-0+�P�S$ ! 3(*%F06��10 � OQ��$.��%�� !*6 m 6 6&X�`rAN`0<�<<HBA � D5=@D C I
� <�b 	 L)I\h���OTO � .-.2��%��,���nL I;69.b(J0+�Q�'$-m{"Y' %4Q\�,G� ! � U���$.$*��s�4���S�P ! $M�����'���JR�%<3s6�O�%4Q�8q�,*$*�=.
O��_�% !*! � ! ���B_i��5R5� � ���S*%��sX/%�O�O��z�S�� !*6 maX >/�;A 6&_a`zD � `|H@HUAu3G8 C mW_ � X A4%�$*� � f4E9m 1 .%9.
���,� `�T�JR ! %43�$+(&� LN� 3($5(�38�~*����V.2�,�tqMX]L93�U��,�<0 :;,S���<0+�=. ! rR%55c ! (&% 1 �T� X/%� 1&��! X^(&*� ! $.��A � D@D �,C I
� < �
	 'WIkU��PO�O|m@:SI x �F.2%FB ! mJ:SIS_�%�G�om9L)Ik]g.-qu�'$*% ! (nmk8 I9]B��*$ � .-.
�9�����u6VIk]B� !*! % mN"2X > �lA�� ! 8t�5�4XrR%55c ! $G��$.��%��g.
O ��! $.�� 3(%�W>q�JR����&���P*��� R+X/%F0 1&� $*��� R 6 m�X >/�;A X Ax`zD<HS`@=~mn]B�-, � DFD4HJI
� <@E 	 3SIWX^(���%�DGF�H5J�K m�"Y>q� 1 ��.�T0+���'$G�,Oa���9*�� ! $.�TR>��$*�T%5� ! %43]�&%5�&OT���&�@��I�~,'���40+�\. ! �T��$5(&�^L&��50+��Oz�<B'a�-*���$.*%5� 6 m 82(9, ! I&�\�-* Il_���$.$-I�< � m 1&1 IVEgf@:FE�?9Egf@:5:RA � D�=5= C I

�2�F9



� <�Y 	 6VI�h�IV8N�-RFR ! m/" � �40+��OT$*%��&�Q�,� $5(&��%�+,)%<3/$5(&�j>�f�f,= �&%��&O��T�&�,�,8�~,'���40+�\. ! �P� 1 ��.�T0+���'$ 6 m 1 *�L`
! ���S$.�,�+�,$4$5(&�j6��4.
%����)38�~*����V.2�,�}qMX]L93 U��,�<0 :;,S���<0+�=. ! rs%�+c ! (&% 1 m _ � R����9%BA � D5=5= C I

� <4H 	 :SI 3SIn>/�~Q ��G� ! ������]�I x I 6 , 1 (9�� ! m4"G3��s%4*���5*S�T�-Q %<3\�P� 1 ��.�T0+���'$G> f�f,= 6 m 1 .� ! ���'$*�@�B��$$5(&�j6��4.
%����)38�~*����V.2�,�}qMX]L93 U��,�<0&:;,'���<0p�\. ! rs%�+c ! (&% 1 m _ � R����9%BA � D5=5= C I
� <�: 	 ASI ]���50+���JR>�~mq"M34�B��� 1 �P*�T0p���S$M��O ! $ � �~,�%43�$5(&�p6J6&X 0)�4R5�&�P$8� 1 �P*$ � *�s.
*�T$*��.��%5� 6 m 1 *�L`

! ���S$.�,�+�,$4$5(&��LN�� ! $l>^8W38XnX/%��~3(��.���V.
�8%��g8q�,*$.�\.
OT�I3W.-.
�PO���M��$*%� ! m&�\%F0+�km x � �9� A � D�=5= C I� <�< 	 ASI ]���+0+�T�JR��9mW"G3 ! $ � �~, %43#�&%5�9O����9�,��]�~,'���<0p�\. ! ���;$+(9�8L&��50+��Oz�<B_'a�-*���$*.%5� 6 mJ8�(V:$')(&�L`
! � ! m �4�&�1*��� ! ��$r,^%<3 ]��=.O(9�TR��,�BA � D5=@D C I

� <�f 	 'WIaX^(&���nm/DGF�H5J�K m/"b]��@� !-� *�-0+�P�S$ ! %<3]� � �<0+�TO�$*%��&�Q�,� ! , ! $.�-0 ������$5(&���T��S� ! .2*� 1 $*��%��7B9,)��S� K ��! �1*��W0+%'�S��O 6 m 82(9, ! I��\�-*oI�_���$*$aI�<5=9m 1&1 Y�Y@?'Y�<�A � DFD@E C I
� <�= 	 'WI 6g��$*%@R��,$G�~m8DMFIH5J�K m\"b:4.�T*����B.� !-1 %�� ! �;%<3�� 1 �,*$*�=.
O���B��,�<0 6 m 82(9, ! Ia�\�-* IN_���$*$aIa<5=9m 1&1 I� =5Y5=�? � =<H � A � DFD@E C I
� <@D 	 'WIV6'��$.%FR��,$G�9m�"bA4%��&O��T�&�,�,\*� ! %5���,�V.
�I� ! OQ����� ! �����}0+%'� � Oz��$.��%5����Oa�LKi�4.
$ ! �T��� 1 *%5$.%5� ! ,'�~`.b(&*%�$*.%5� 6 mV82( : ')(&� ! � ! mVA4%5.$+(9Q�� ! $*��.�}�4�&�1*��� ! ��$r,km&A � DFD�Y C I
� f@b 	 x I }jIq_�� � DGF�H5J�K m8"Y:4��$.��+0+�T����$.��%��s%438$5(&�+O��T�&�,�,S.2% �&1 OT���JRv*� ! %5���,�V.
� ! $.*��� R5$+( ��! ���JR E5��T�~*���.�Q�,�S$]$*%5.� 6 mV82(9, ! I��\�-*oI >eHkD9m 1&1 IVE5Y4HSf2?9E5Y�:FERA � D@D<H C I
� f �
	 }jIirU�,�JRJm8DGF�H5J�K m�"b> Ki�4.
$ ! %<3�$ � �&�_0+%'� � Oz��$*�T%5�R%5� 1 ��.$*�=.
O�� ! $.G� 191 �@�s��� � : .� ! %������ .
�� ! OQ�,��� !.6 mV8�(~, ! I��\�-* IJ> HkD~m 1&1 I�:�<FD�f
?':�f,b�:sA � DFD4H C I
� fzE 	 ]�I >qO�O�� ! %��EDGF�H5J�K m\"b>q� 1 �P*�T0p���S$M��On0+�@� !-� *�-0+�P�S$ ! %<3 �pB���$G�,$*.%5� �S� Ki��.���V.
��*� ! %5���,�V.
� 6 m8�(9, ! I&�\�-*oI >E:5b9m 1&1 IJH�b�: � ?kH�b�<kEBA � D@D<H C I
� f@Y 	 6VI }jIl_��P�kmq"G�\�-*'���-QE%43/�&%5�9O����9�,��NB��,�40 �9,S���40+�\. ! �P� 1 ��.�T0+���'$ !.6 m9qu� ! $aIV8�(~, ! IWX/%��~35Io6���aIA4% � Y � m 1 � 1 �P 1 *� ! ���'$*�,�+�,$lqu�S$aIgrR%55c ! (&% 1 A4%5�9O����9�,�� 8q*%@B&O��-0 ! ��� 3W.-.
��OT��G�,$*%�)8�(9, ! ITmU���.O��T��A � DFD@E C I
� faH 	 3SI&h���M� !*! �T0+%4* ma"b')(&��3 1&1 O��\.P�<B&�TO���$r,I%<3 :�� K ��! �T%5�h8�(&���&%@0+���&%�O�%@RF,;$*%_8q�,*$*�=.
O��I_�% !.! � ! �T�� ���S*%��BX/%5O�OT�Q�S�P !*6 mWX >/�;A 6&_a`zD5Yz`[Y5bBA � DFD@E C I
� f@: 	 'WIN_��T�&�&�4.P��������Br$I�69.��,���&��OT�km\"
X/%��S$.��� � % ��! $ � �&�_0+�,� !0� *�a0+���'$ !���! ���JR)$+(9�p69.O(9%5$*$5c~,�S�P$*�4.
$.%5 6 mlX >/�lA 698)6&`@=5Y�? � DBAi:Wq ?9]d69' C mV8q��.$*�\.2O��I3W.a.
��O��PG��$.%5�X/%5�~3(��.���V.
� m 6'�,�S$M� L&�kmE � ?9E�Yp]B��Y.O( � DFD5Y9I
� f@< 	 3SI U � .� ! DGFpH5J�K m^"b')(&�/U ~ 6&X 1 *% �*�4.
$ 6 m8X > �lA 6&_a`4D�b@?'<�= Au3W8 C m 6��z.
%5��� > � *% 1 �,���X/%��~3(��*�P�V.
�8%��g8q�,*$*�=.
O�� 3W.-.
��OT��G�,$*%� ! m9A4�=.
�km � E@? � < x � �&�;A � D@D5b C I� f�f 	 3SI U � .� ! DGF�H5J�K m8"Y')(&�}0+��OTO���%��B$ � .���&�,$G�B�F. � � � ! �T$*��%�� ! , ! $.�-0 U ~ 69X 6 mN�T�jX/%5�93(��*��� .
��\�4.
%�G�^%<3 � DFD�Yjqr> >^> 8q�,*$*�=.
O���3W.-.2��O���M��$.%5\X/%5�~3(�P*���V.2�km�rU� ! (&�T�JR5$.%5�nmV:SI�XlITm9]B�-, � DFD�Y~m
1&1 IVE5Y5b � ? E5Y5b�Y �

� f@= 	 qbIn]��TO ! $.�,�5� m�"L698)6�U ~ 6&XE? U��,�<0 ~ 69X/��O�Oz��$.��%5�R�9��$G�v�F. � � � ! ��$.��%�� ! , ! $*�a0 3(%5I$5(&�u6 8y6 m6k, ! $.�-0 ��! �� ! R � �Q�'� 6 m&d/�� ! ��%��)Y~I EFE)A � DFDFE C I
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� fzD 	 r$I � ��.-mW"Y]�I ~ I 8 I 6VI ��! �� ! R � �Q�S�N3(%5���X � 1 .%FR5M�<0 !.6 m�X > �lAe? 698)6&`,=�=@?kH>YSAc3W]d6 C A � D@DFE C I
� =�b 	 3SI46kQ��P���&�-,km'"b')(&�]�&�,$G�-*'���-Q]�� 1 .%FR�G�<0s0+�� � ! R � �z�S� 6 m�_ >^8g.
%5�'$*.%5O ! �&%5$.� � bgf m 698)6&`@3 X\XA4%�$*�I=@D@? �5� A � D5=FD C I
� = �
	 h�IN]�%� 1&� 5R5% m+"b')(&� 6&_a`5X ~ �&�,$G�-*'���-Q]�� %�� � 8t? �4Z 6 m4X >/�;A 6&_a`zUNq ���'$*�P*���,O8�&%5$.�A � DFD4H C I
� =@E 	�� I 78���JR ����� �PI 69.b(J0+�z�S$-m "Y')(&� 698)6 .��,$G�,O�%FR � � �&�,$G� ! $* � .
$ � .� 6 m X >/�lA698)6&`@3WUN]s`4A�%5$*��`,=5=�? � E�A � D5=5= C I
� =�Y 	 3SIV6kQ��P���&�-,km 1 *�1*���$*��.
%@0p0 � �&�1.���$.��%��nI
� =4H 	 r$I�LN� ! .O(9��#�����^L I~69.b(J0+�Q�'$-mS"M3 1&1 OT�\.��,$*�T%5� ! %<3($rQ\�,*�)3(%�^U ~ 6&X 6 m�X >/�;A!6&_a`zA4%5$.�lD5Y�?'<<HAc3W8 C A � D@D5Y C I
� =�: 	 L)I469.b(J0+�Q�'$-m�"L6k0p�,���.���O=. � OQ�,$*�T%5�I���8$5(&� 1 *� ! ���V.2�q%<39O��T�&�,���.
% �91 O��T�JR)3(%5a$5(&� � D5=�=8�~,'���<0p�\.� 1 �P*$ � *�I��� 1 �P*�T0p���S$ 6 mSX >/�lA 698)6&`@=5=�?':5bvAu3W]d6 C A � D�=5= C I
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�_0+�,� !-� .�-0+����$WQ\�T$+(���M� 1 �z��Q\��*� ! .��,�&�&�����$$5(&�xX >/�lA 698)6 6 mJA � .2O|Ikqu� ! $-I'�����s]���$+(nI'3WE�Y5:9m 1&1 IkH'f,:z`iH�=�b�A � D5=�: C mWX >/�lA 6 8y69`,=<H4` ���A � D5=4H C I
� =�f 	 x I U�% !.! ��RDGF;H5J�K m^"b')(9�g0+�\.
.%5� Q\��.� ! .����&�9��)��$;$+(9��698)6 6 m4X >/�lA 698)6&`@=5<-`rE�<nA|]d6 CA � D5=�< C I
� =�= 	 3SI U � .� ! DGF+H5JTK m "*rE�T*� ! .��,�&�&��)�&�aQ ! 3(.%F0 $+(&��X >/�;A `5698)6 6 m;8t��*$.�\.
OT�B3W.a.
��O��PG��$.%5X/%��~3(��*�P�V.
�km�X^(&�\.��4R5% mVE5b@? E5Y}]B��Y.O( �����BX > �lA 698)6&`,=@Dz` � YBA � D5=@D C I
� =@D 	 h�IWX/*%9.bck3(%5G� m 1 *�1*5�,$*��.
%@0p0 � �&�\.2��$.��%5��I
� D�b 	 ]�In6����z�S��O|m/"b:���$*��50+������$*�T%5�v%<3y:4� K ��! ��%��U����$.� ! ����$5(&�_8q*%�$*%5� U��,�<0 � �,O�%+%43 � >/��3 6 m:W>)6�} � >/��3 D5Y-`0b4HRA � D@D5Y C I
� D �
	 ')(&� 1 ��.$*�=.
O��]$*G�@.Oc'��� R 3(%�q$+(&� ! �T0 � OQ�,$*�T%5�8%43W$5(&�\��� 1 ��*�10+���'$G��O����'$*��� ! ��$r,t. � +*�� ! Q � ! �S%��&�B9,p]�IWh��T%<*��,�&�&%5kPk��|I
� D@E 	 _ I&d/% ! mN"2h4.% � ���70+%5$.��%5�p���B_ >^8j����� _ � X 6 m 1 *%9.
�P�,�S��� R ! %<3t$+(&��qr>^> >EX/%5�~3(�P*���V.2�8%5�8q�,*$.�\.
OT�83W.a.
��O��PG��$.%5y82(9, ! �\. ! ���h:8��OTOQ� ! A � D@D5: C I
� D�Y 	 _ I&d/% ! m 1 *�1*���$*��.
%@0p0 � �&�\.2��$.��%��nI
� D4H 	 3SI � %<3 0)�,�&�nmN"Y' � �&� ! (&� 3($ ! 3(.%F0 ! ��O 3Q?Ff��POQ� ! �,�����T0)�4R5� !.6 m�X]3P6)LN� 3($+(Bh����&��M��Ot3W.-.
�PO���r`�,$*%5G8�(~, ! �=. ! X/% �  ! �kmaX > �lA$D<H,?'b � A � D@D<H C I
� D�: 	 8 IVU � *Oz� DGF H5J�K m "Y8N%4Q��� !0�&1&1 O1,+*� 1&1 OT� ! $ � �~,)�,$4$5(&�j698)6 6 mWX >/�lA 6&_a`zD<H�? �5� Au3G8 C I
� D�< 	 ]�I&X/%5.���F.a.O(&�z�~mq"M34�)� !.! � !.! 0+�P�S$]%<3t$+(&�8��KW�z.
$ ! %<3 0 � OT$*� 1 %�OQ�,2f���OQ� �P**%� ! �T�+$+(&��698)6 �T�OT�TRF('$�%43^0+�,� !-� .�-0+����$ ! $*%;�&�,$*� 6 m X >/�lA _i�4Bgq5qi` :Wq�` 8W3x`zq[�'$-I�f,:-`0=�A � D�f,: C I
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� D�f 	 8 Io69.O( 0U���! ��-mq"MLN���POQ� � � ��O��T$r,+� !.!-� � ! ��� !-�&1 ��Y.
%5��� � .
$.���JR_0)�<R��&��$ !*6 mV8q.%9.
���,�S�T�JR ! %<3/$5(&�� DFD � qr>^> > 8t��*$.�\.
OT�I3W.-.2��O���M��$.%5\X/%5�~3(�P*���V.2�kmo6'��� L&G��� .
� ! .
%)A � DFD �,C I
� D�= 	�� I9U���� .bc^��$-I'�,O|ITma"Y'��T0+���S� 1 �P���S���V.2�4%43 1 �P ! � ! $.���S$y. � .*���'$/�LKi�4.
$ ! �T�+$+(&� !-�91 �Pb.
%���� � .
$r`�T�JR � >/�43 0)�<R��&��$ !.6 mV:W>)6�}l` � >/��3$D5bz`[b � A � D@D5b C I
� D@D 	 L)I�V��T0s0 ��50+�,�&�nm'"b:;,'���<0p� ! .b(&� 3 1 ��*$ �  � ���j.O(���%5$.� ! .O(&�y' �P��O\.b(&���9B��-Q��aR � �JR\�10 � >/�43 `8q*%�$*%��&���&.���JR 6 m :W>)6�} � >/�43 D � `[b5Y�A � D@D ��C I
��� b5b 	8~ I@U���� �&�T�JRJm5r$I�LN� ! .b(&��-m�L)Ik69.b(J0+�Q�'$a�����^L)I�rE�TO�OT�-c��kmS"M3e.
%@0 1 �,*� ! %5��%<3 0+�,� !-� .�,�I�����.��,O\. � OQ��$.�,���9,S���40+�\.�� 1 ��.$ � .� %43\$+(9� � >/��3 1 *%�$*%��s.���JRv��$I�T� �*�4.
$.��%5�B�P�&��+R@, 6 m :W>)6�}� >/��3 D5:-`0b�:+����� X >/�;A 6&_a`zD5:-`0<@D Ac3W8 C A � DFD5: C I
��� b �2	 r$IJ:4�4.bc'���JR m "2V ��! �40p0+��� (����JRIk-Q\� ! .b(&���sU�%��S�P�JB��-Q��-R � �JR���� � ���p�S���76�$.G�4(&O ! .O(9Q\�,�Jc `
� � R5��� �T� 6 1 ���=.O(&�P**�T�JR5�P� �40 U���� !01 ���PO � >/�43 6 A �T� h���+0 ��� C mt:W>)6�} � >/��3 D5b�? � YA � DFD�b C I

��� bFE 	 8 I 6 .O(J0 ���! ��-ma"b]B�4R5�&�P$*�\.l0+�,� !0� *�a0+���'$ ! %<3t$+(&� !0�&1 ��b.2%5��� � .
$*�T�JR � >/��3!0)�4R5�&��$ ! ������,����O1, ! � ! %<3 ! , ! $*�a0)��$.�\.\��*.%5 !.6 mV:W>)6�} � >/�43N`r8 DFEz` � A � D@DFE C I
��� b5Y 	 :SIWh���O�Oo3(%�4$5(&� � >/�43 0)�<R��&��$)0p�,� !0� *�-0p���S$ R5*% �&1 m 1 *�1*���$*��.
%@0p0 � �&�\.P��$*��%��nI
��� b<H 	 ]�I~8#�-c���O��P-mk8 I 6 .O(J0 ���! ��]������XlI 6>$*%5OTk����9B � 5RJma"
X/% �&1 O��@� 1 �� ! � ! $*�P�S$0?9. � .*���'$q�LKi�4.2$ ! �T�$5(&� � >/�43 �'� 1 %5OT� ! �����}B��,�<0 1 � 1 ��.
%�*.�4.
$*�T%5�}.2%5��O !*6 mV:W>)6�} � >/�43$DFE�?'b�<�A � DFDFE C I
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