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G��Dv �� xU��kt �yvD CQwY Qy QO �OvW�� O�tDa� p��k G��Dv u�� xm OUQ�t

�OQm Oy�wN uWwQ �Q p��Ut �� QHD

CN�U CyH QO xOWs�H v� ��yC� r� a i x � VQ�R o R� VN � u �� QO
QO 	OW xDio q�� QO xm Qw�u�ty �s� R�OQB�t Qo��DW �rY� ��yCtUk
O�rwD ��vt R� Ov�CQ��a xm OQ�O OwHw �U�U� CtUk xU ��N Qo��DW
QWDvtT���vetwQDmr� G�wt� u�� u� QO xm �Q�Hwt 	T���vetwQDmr� G�wt�
u� QO �yuwQDmr� xm �vwQDmr� nviD w OvQ�o�t ��DW �yuwQDmr� w OvwW�t
��N Qo��DW CtUk xU u�� CN�U w �UQQ� CyH QO �OvwW�t O�rwD

�OwW�t xQ�W� �yv� x� Q� R QO xm CU� xOW s�Hv� ���yC�r�ai

u�� ��Q�O O��� ��N Qo��DW l� ��Q� T���vetwQDmr� G�wt� O�rwD ��vt
R��v OQwt �xOwOLt QO u� �v�Uwv Tv�mQi xmv�� CUNv �OW�� C�YNWt
�SOv��� � GHz OwOL QOTv�mQi u�� �qwtat 	uwQDmr� Qo��DW QO xm OW��
xOW xDN�U sy ��� GHz� Ov�� QO uwQDmr� ��N ��yQo��DW xD�r� �CU�
�Ot�Hv��t CN�U QO �QDW�� CqmWt x� QDq�� Tv�mQi u�� �rw CU�
�OW ��NDv� CW�O OwHw �QDW�� �x� QHD u� QO xm 	S Ov��Tv�mQi u��Q��v�
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	T���vetwQDmr� G�wt� O�rwD ��vt u�wD x� xHwD �� w xOW s�Hv� �L�Q� Q��v�
�CU�xOt� Q� R pwOH QO ��N Qo��DW �twta C�YNWt

 � �� MeV �yuwQDmr� �SQv�
�Ur�B � MW RF u�wD

�#
 �s Tr�B COt
�  �MHz RF Tv�mQi

��� Hz Q�QmD Tv�mQi
TM �QPo Gwt T���vetwQDmr� Gwt �wv
xv�wDU�$lU�O �yl �w�m Q�DN�U

��� �r�wDt l �w�m wO QO R�i hqDN�
�� QJv�� ��yl �w�m O�OaD

�� � v�c � �#��� �#  �
�� Qo��DW ��yl �w�m O�OaD

�� � ��
�
 MV�m pw� l �w�m QO �m� QDmr� u�O�t
�#�MV�m QN� l �w�m QO �m� QDmr� u�O�t

����� OwOL QO Q C�i�m �� Q

�vw� wtQD �vwQDmr� nviD �wv
�
 keV nviD R� GwQN R� TB �yuwQDmr� �SQv�
� mA u�� QH COW

�QDW�� CaQU �� Qo��DW u�� CN�U w CUD Qo�O pL�Qt xm CU� O�t�
w xOy�Wt �Q Qo��DW u�� R� �HwQN uwQDmr� �xm� Q�� u�rw� u�wD� w O��� xt�O�

�OQm �Q�oxR�Ov�

�l� R�i �xOmWywSB w u�Q�� �tD� �SQv� u�tR�U ��DWQ �atq OtLt �

pwrU 
! pt�W w lU�O�xv�wDU� Q�DN�U ��Q�O Qo��DW Q�Hwt l �w�m
O�OWD Tv�mQi ��Q� Super�sh Q�Ri�sQvltm x� l �w�m ��yxR�Ov� �CU�
Cw� i Dt VN � wO R� Qo �� DW l �w� m �O vOW x �U�Lt ��  � MHz�

�vwQDmr� nviD R�TB xrY�iq� xm sm �SQv� CtUk QO �CU�xOW p�mWD
CmQL �v�tRty �iL ��Q� 	CU� sm �yuwQDmr� CaQU uwJ 	OQ�O Q�Qk
�ypwrU pw� 	l �w�m QO T���vetwQDmr� G�wt� Q�WDv� CaQU �� �yuwQDmr�
Qo��DW CtUk u�� �O����t V��Ri� �yuwQDmr� CaQU V��Ri� �� Q��vDt
l �w�m QO �CU� pwrU �� pt�W w OwW�t xO�t�v �Buncher� �QJv���
R� O��� �yl �w�m TvH �OvQ�O �v�Um� ��yxR�Ov� �ypwrU �xty q�� �SQv�
TvH �OUQ� pk�OL x� �m� QDmr� u�wD hqD� �D 	OW�� Xr�N Q��U� Tt
K�U �i�Y w �uwQm�t OvJ� O�a�� QO CkO 	�Xr�N Tt� �ypwrU
�UQQ� Qw�vtx� �Ovm�t pmWt Q��U� �Q l �w�m u�� CN�U �ypwrU �rN�O
�ypwrU uOQm Q�wU VwQ 	u� �xQ� � QO �Q�os�tY D w CN�U CqmWt
�xO�t� w O vOW xDN�U �ypwrU u �� R� � ��yx vwt v 	pt�m pwrU CN�U w
pmW QO w �ypw rU R� �m � K�U C r�L � pmW QO �Ov DUy CU D
�OvwW�t xOy�Wt Ov�xOWxO�O Q�Qk sy Q�vmV��tv ��Q� xm �ypwrU R��O�OaD �
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