
w CaQU Q� �U���vet u�O�t R� pY�L �wQ�v xm �Hv� R� �OQ�o�t Q�Qk
QF�wt xQP �xv�mD V��Ri� Q� �m� QDmr� u�O�t �yvD 	CU� Owta xQP �xv�mD
�Q �yu� O��� C�QP ��DW ��Q� u��Q��v� �OQ�O xQP ��DW QO �Wkv w CU�
xO�iDU� �� C�QP ��yQo��DW u�rw� �O�O Q�Qk �m� QDmr� u�O�t Q�F��D CLD
xDN�U �l�D�DU�wQDmr� ��yQo��DW� DC C��F �m� QDmr� ��yu�O�t R�
x � C�QP uO�O�� DW ��Q � C �� F p�U v� D B hqDN� R� xO�iDU� �t� �O vOW
R� 	nQR � ��yp�U v�D B hqDN� O�H �� �OW xH�wt C �OwOLt � � CaQU
Q�wWO 	xDU�wN� v �m � QDmr� ��yx�rN D p�rOx � 	q� � x � Crw�ot u �OvJ
Q�e �qta C rw�ot xO u �OvJ R� QDoQR � ��yp�U v� D B hqDN� O�H �� w
w� C�k�kLD QO QDW�� ��y�SQv� �� �D�QP x� R��v �iQ ��Q� �CU� umtt
�w�vDt u�O�t R� xO�iDU� 	�O��v� C�QP w ��xDUy l� R�i ���yOQ� Q�m
�xQP xm CU� �i�m Qw�vt u�� ��Q� �OW KQ�t C�QP x� uO�O ��DW ��Q�
QO w OQ�o Q�Qk �m� QDmr� u�O�t QF� CLD C�Ft �w�vD ��yxQwOs�v QO Q�OQ��
j�� �OwW xDW�Oxov �wiLt �m� QDmr� u�O�t QF� R� �ivt �w�vD �xQwO s�v
��Q�Wider�oe ��N Qo��DW w uwQDwrm�U Ovv�t ���yQo��DW 	QmiD u��
lJwm uwQDmr� sQH xmv�� x� xHwD �� �OW xDN�U w �L�Q� u�ovU ��yuw�
R� xO�iDU� OwW�t �D��Uv CaQU x� w CU� �m�c

� � �� keV�

QO Qo�O O�yvW�B �CU�v Q�PBu�mt�Wider�oe ��N Qo��DW �� uwQDwrm�U
T���vetwQDmr� Gwt �m� QDmr� u�O�t R� xO�iDU� uwQDmr� uO�O ��DW OQwt
Q�Ut QO uwQDmr� 	OW�� uwQDmr� CaQU Q��Q� Gwt R�i CaQU xJv�vJ �Ow�
�SQv� w CiQo Oy�wN Q�Qk �D��F �m� QDmr� u�O�t QF� CLD ���DQt OwN CmQL
xm CU�u�� Qo��DW u�� QO �rY� pmWt �OW Oy�wN O�� R u� �W�vH
Qwv CaQU R� QDoQR� xO�U Q�Hwt l� QO T���vetwQDmr� Gwt R�i CaQU
R�i CaQU xm O��� Q��eD �awv x� Q�Hwt Q�DN�U xm CU� sRq u��Q��v� �CU�
uO�O Q�Qk �� �OwW Qwv CaQU ��w�Ut ��� QDtm u� QO T���vetwQDmr� Gwt
�Ci��CUO syt u�� x� u�wD�t ��xv�wDU� Q�Hwt QO Q�ON�QwU C�LiY
� v�yH swO nvH R� T B ��yp�U QO ��N Qo �� DW �w v u �� CN�U
�v�yHnvH u�QwO QO Q�O�Q �Qw�vi pt�mD �� wU R� �Ci�� �O�� R VQDUo
w OQm umtt �Q T���vetwQDmr� G�wt� O�rwD �wk ���vt x� �UQDUO swO
	��xDUy l� R�i w �O��v� C�QP �xv�tR QO VywSB C� wrw� Qo�O �wU R�
�tra OOaDt Cq�kt �O�O Q�Qk Q�m QwDUO QO �Q ��N ��yQo��DW CN�U
xYqN Qw� x� �OvR�OQB�t �yQo��DW u�� �L�Q� C���RH x� u�QwO u�� QO
�OvDUy xOta VN� xU ��Q�O uwQDmr� ��N ��yQo��DW xm Cio u�wD�t

CLD w OvwW�t O�rwD u� QO �yuwQDmr� xm �vwQDmr� nviD 	pw� �

� mO v� �SQ v� ��Q�O w O vQ � o� tQ�Q k DC p �U v� D B l � Q � F�� D
�OvwW�t ��t Qo��DW QO � keV�

��N Qo��DWCN�U �WywSB KQ�
CU� ���yKQ� u� QDtyt R� �m�
x�oWywS B l � R�i �xOmWywS B xm

��QH� Q�OxOya �O��v� ��yVv�O
hrDNt�v�wHx� xr�kt u�� 	CU� u�

	OR�OQB�t KQ� u��

xm CU� �Qw�vi R� ��xYQa x� OwQw 	��N Qo��DW CN�U KQ� R� hOy
�qta �t QwWm QO 	OQ�O p�U !� R� QDW� � ��xk ��U u�yH QO OvJ Qy
QO Qo��DW u�OvJ xDWPo ��yp�U QO xD�r� �CU�xOv�t �k�� xDN�vW�v
C�k�kLD s�Hv� w �mWRB AwDwR��w�O�Q O�rwD x� xm OvOw�xOW �Yv u�Q��
Q�N� ��yp�U QO �t� �OvDN�OQ B�t �t D� w ��xDUy l � R�i �xv�tR QO
�Ci�� VQDUo QwWm QO 	uwQDmr� ��yQo��DWXwYNx� 	�yQo��DW �Yv
CqwYLt uOQ m uwQ DU ��Q � �Rodotron� uwQ DwOwQ Qo �� DW OR � QO
QO w OW �Yv �yQt�rB �Qw�QiwDQB ��yOQ� Q�m w �mWRB hQYt Q��m�
�v�tQOwDQB Qw�vtx� ��N OOaDt ��yQo��DW QwWm hrDNt ��yu�DUQ�t��
C�atHx� xHwD �� 	�v�DUQ�t�� Rm �Qt ��yOQw�Q��ULQ� �OvOWxDiQo Q�mx�
Oy�wN xOv�� ��yp�U QO ��N Qo��DW OY R� V�� OvtR��v u�Q�� 	QwWm
�OQ�O CmQ�Wt �rrtr�u�� nQR� KQ� wO QO u�Q�� QwWm Qo�O �wU R� �Ow�
�QH� �CERN� �B wQ� ��xDUy C�k�kLD RmQt QO xm CU� CMS KQ� �m�
R�UQ�mW� u�� R� �D�a�k CN�U �xv�tR QO xJ �v�Q�� u�Q�mty w OwW�t
KQ� QO u�vJty w 	OQm Ovy�wN CmQW u� R� xO�iDU� �xv�tR QO xJ w s��a
QO �rrtr�u�� �y�oW��tR� CQwYx� xm uwQDwQmvU VQ��v� �xkrL 	�t�RU
u�wH u�UOvyt R� �O�OaDw CU� w	a �t QwWm 	OW Oy�wN �Yv uOQ�
��yVRwt� sy � v�Q �� u�Q � Q�m w O vQ�O CmQW Qo ��DW �L�Q� QO � v�Q ��
��yOQ� Q�m sy u��Q��v� �Ovvm xO�iDU� x�oDUO u�� R� �D Ovv���t �Q sRq
�yQo��DW xv�tR QO �Q�Pox��tQU 	�tra ��yVywSB sy w �DavY��mWRB
�Qw�vi �� ���vW� ��DU�Q QO ��N Qo��DW CN�U KQ� �Ovm�t �QwQ
 �Q

�CU�yQo��DW CN�U

u�O�tQO �p � m�v ��N �xv�mD w �v CaQU 	q �m� QDmr� Q�� �� ��xQP
�wQ�v Q�F��D CLD �B �U���vet u�O�t w �E �m� QDmr�

�F �
d�p

dt
� q �E � q�v � �B

Abbas Eslami
Placed Image



xm Ow� sRq 	CU� �� QHD �LQ� ��N Qo��DW CN�U KQ� xm �Hv� R�
�OwW Q��O u� x� �w� Qt ��y�Q�oxR�Ov� w CUD 	CN�U ��Q� �y�oW��tR�
Q�Qk KQ� u�� Q��DN� QO u�yiY� �DavY x�oWv�O QO ���	i Qw�vt u�� x�
OW x�yD u�� QHt �UwD KQ� u�� ��Q� sRq �x�rw� p��Uw CUQyi w CiQo
u� QO w OvOW �Q�O� QN KQ� �xHOw� pLt R� lQyW �UwD p��Uw u�� w
	p��i 	�rOvY 	R�t� �QDiO p��Uw pt�W p��Uw u�� �OvDiQo Q�Qk x�oW��tR�
	C��U�Lt s�Hv� ��Q� RyHt QDw�Bt�m wO 	�Qo�O hrDNt p��Uw 	Cv���m
w AwmUwr�U� 	x�PeD ��vt 	QDtsy� Ovv�t �Q�oxR�Ov� l�vwQDmr� p��Uw
Q��U w hrDNt ��yQ�v� 	�yQ�J� ��wv� Ovv�t �m�v�mt ��yQ�R�� 	Qov�Uwv
x�oW��tR� u�� C�U�U��D QO sRq C�Q��eD u�vJty �OvOw� R��v OQwt ��yQ�R��

�OQm xO�iDU� u� R� QF�wt CQwYx� u�wD� �D OW O�H��
CLD ��Lt u�QO w Ovvm�tCmQL�qN QO C�QP 	C�QP ��yQo��DW QO
�R�U �qN p��Uw CU� sRq u��Q��v� �OvQ�o�t ��DW �m� QDmr� u�O�t Q�F��D
x�oDU�� l� Qw�vt u�� x� �OwW x�yD Qo��DW ��Q� �U�vt �HvU�qN w
	Qqwmrwtw� QwD AtB wO 	�m�v�mt �qN AtB wO 	Qqwmrwtw� QwD AtB pt�m
w OvOW �Q�O� QN Cw�iDt GvU �qN ��yx�oDUO w �qN hrDNt Q�W OvJ

�OvDiQo Q�Qk x�oW��tR� QO
�Q�oxR�O v� p ��Uw xm CU� sRq Qo ��DW l �w�m C�a�k CU D ��Q �
Tv�mQi QwD�QvSl� Qw�vt u�� x� �OW�� OwHwt x�oW��tR� QO q�� Tv�mQi
�xOwOLt QO �Q�oxR�Ov� C�r��k xm q�� Tv�mQi QR�r�v� swQDmBU�l� w q��
CN�U x�oDUO wOQy �O vOW �Q�O � QN OQ�O �Q ��N Qo �� DW T v�mQi
Qw�vt x� Ov�Ct�kv�Qo Q��U� �yx�oDUO xvwou�� uwJ OvDUyHP �xv�NQ�m
u�t	 D � �� swO CUO CQwY x � �yx�oDUO 	�yxv � Ry QO � � wHxiQY

�OvOW ��NDv� �xr�Um�

xOW xDWwv �yv� �xQ�� QO �v�w�Qi Cq�kt w �y��Dm C�QP ��yQo��DW �xaUwD ��
u��l� R�i w �Qw�vi O�OH CqwLD x� O�OH Cq�kt w �y��Dm QDW�� �CU�
xHwD CN�U �xrLQt QO �t R��v OQwt C���RH x� QDtm w Ov�xDN�OQB �yQo��DW
Cq�kt w �y��Dm x� ����DUO CyH QO ��xS� w VWwm wQu�� R� �Ov�xOQm
��xDUy C�aq�� RmQt �xv�N��Dm QO xv�DN�WwN �CiQo CQwY �t�Ok
Linear Accelerator u�wva �� �Dt�k�P ��Dm 	u�Q�� �tD� �SQv� u�tR�U
xm Ow� OwHwt xOWxDWwv �Oq�t !� �xyO QN�w� QO xm Septier �xDWwv
R� �Qo�O O�OaD u�vJty �CW�OQ� QO �Q �t R��v OQwt C�aq�� R� �Q��U�
QwWm ��yxv�N��Dm Qo�O QO u�vJty w xv�N��Dm u� QO R�v O�OH ��y��Dm
Qo��DW KQ� QO R��v OQwt Qo�O ��y��Dm w �y��Dm u�� xty �OvOw� OwHwt
Q�Qk KQ� u�Q�mty w u�� QHt Q��DN� QO u�yiY� w u�QyD QO �D OvOW Q�FmD
Qo��DWCN�U x� �w� Qt xm �U�U� VQ�Ro w xr�kt u�OvJ u�vJty �OvQ�o

pw��� T���vetwQDmr� G�wt� xm T���vetwQDmr� Gwt ��vt 	swO �

uO�O��DW ��Q� �i�m u�wD w �� GHz ���� QkDTv�mQi� �U�vt Gwt
�Ovm O�H�� �yuwQDmr� x�

w OwW�t QWDvt u� QO T���vetwQDmr� Gwt xm �Q�Hwt 	swU �

w OvQ�o�t Q�Qk �m� QDmr� u�O�t Q�F��D CLD u� R� Qw�a �� �yuwQDmr�
�OvUQ�t �QDO�� R �SQv� x�

xm CUy R�v �Qo�O syt ��yCtUk ��Q�O uwQDmr� Qo��DW xD�r�
w �L�Q� CQwY Qy QO �t� 	OQ�Ov �O�� R �vi CqmWt �yv� CN�U xJQo

�CU� �t�Rr� ��N Qo��DW Q�m ��Q� �yv� CN�U

	u�x � xHOw � X�YDN� w ��N Qo ��DW CN�U �WywS B KQ� O� ��� D � �
u�� ��QH� �OW R�e� Qo��DW u�� CN�U w xar��t x� �w� Qt ��yC�r�ai
�IPM� �O��v� ��yVv�O x�oWywSB l� R�i �xOmWywSB �xOya x� KQ�
CU� xOt� VQ�Ro u �� �xtOkt QO xJ v� x � xHw D � � w CU� xOW xDW�Po
Vv�O VQDUo ��Q� �Qw�vi w 	C�k�kLD 	swra CQ�Rw ��yxt�vQ� R� �WN�
	�viVN� u�� Q�vm QO xD�r� �CU� �Qw�vi R� xN�W u�� x� OwQw w �yQo��DW
u�� �QDmO VRwt� �xQwO w xDiQo Q�Qk Q�v Ot R�v �v�Uv� �wQ�v C�� QD �xr
Ut
�xQwO �wHWv�O OvJ Q
�L p�L QO �CU� xOW T�U��D QwWm QO xDWQ
QO �QDiO 	KQ� ��QH� ��Q� �OvQ�O p�eDW� p�YLD x� xQwO u�� QO �QDmO
��xOta VN� w Ci�� X�YDN� Qt� u�� x� x�oWywSB l� R�i �xOmWywSB
�OwW �t s�H v� QDiO u �� QO �w � Qt ��y�Q�o vxt� v w �Q�O� ��yQ�m R�
j� Q� R� 	Oa� ��yp�U �xHOw� �t�tD w KQ� ���� p�U �xHOw� R� �WN�
���yC�OwOLt x� xHwD �� �CiQo Q�Qk KQ� �QHt Q��DN� QO x�oWywSB
Oka ��Q� ��DOta xHOw� u�� R� 	CW�O OwHw xHOw� u�� uOQm xv� Ry QO xm
G�wt� O�rwD ��vt �D�ar��t O�OQ�Qk u�vJty w �v�Uv� �wQ�v ��yO�OQ�Qk

�OW xO�iDU� T���vetwQDmr�

�� wYD u�yiY� �D�k�kLD��tra lQyW QO KQ� ��QH� pLt uwJ
Q�m u�wD� �D OwW Q��O u�yiY� QO ��U�vt x�oW��tR� xm Ow� sRq 	Ow� xOW
�rY� u�tDN�U uOw�v xO�t� x� xHwD �� �OQm R�e� �Q Qo��DW CN�U �rta
	Ow� u�tDN�U CUO QO u�yiY� �DavY x�oWv�O CQw�Ht QO xm lQyW
x�oWv�Ol� R�i �xOmWv�O QO Ckwt Qw�x� �y�oW��tR� xm OWxDiQo s�tYD
R� �WN� �OQ�V�B �Q Qo��DW CN�U Q�m u�wD� �D OwW Q��O u�yiY� �DavY
OWxO�O u�yiY� �D�k�kLD��tra lQyWx� ���� p�U ��Q� KQ� �xHOw�
R�yHD x� �w� Qt ��yR��v xmv�� x� xHwD �� �OQ�o Q�Qk �QHt Q��DN� QO �D
R�yHD CyH QO Q��Da� u�� R� xm OW xDiQo s�tYD Ow� O�� R Q��U� x�oW��tR�
�OwW sy�Qi xSwQB ��QH� ��Q� sRq C�mQ�OD w OwW xO�iDU� x�oW��tR� �x�rw�



��yu�O�t �D OW�� CQOkQB �i�m �xR�Ov� x� O��� G�wt� O�rwD ��vt u�� xmv�� swO
OQwt �m� QDmr� ��yu�O�t �OR�U sy�Qi �Q C�QP ��DW ��Q� sRq �m� QDmr�
�wk T���vetwQDmr� G�wt� O�rwD ��vtx� � �� MV�m OwOL QO R��v
xv�tR u�� QO xm OvwW CwaO �Q�mtyx� �O�Qi� xm Ow� QDy� xH�Dv QO w OQ�O
x�oWv�O QDw�Bt�m w jQ� x�oWywSB �� Qw�vt u�� x� �OvW�� xDW�O x� QHD
�Ci�� s�v Q��eD C�aq�� �Qw�vi x�oWywSBx� ��Oa� xm� u�yiY� �DavY
Orwt CN�U ��Q� TBU w 	x�PeD ��vt �L�Q� w xar��t CyH �O�OQ�Qk
���yv �xOvvm C� wkD CN�U O�OQ�Qk �OW xDU� � kW u�wD �D RF G�wt�
� pmW QO �OW Oy�wN xDU � � kW O rwt p � wL D R� T B �� MW�

�CU� xOW xO�O u�Wv u� hrDNt ��yVN� w Orwt u�� �xQ�wLQ�

nviD CN�U �CU� Qo��DW ��Q� �yuwQDmr� Orwt �xtWJ �vwQDmr� nviD
�Hv�� QO �t� 	OwW �QH� O��� xm CU� �rkDUt KQ� ���yvDx� OwN �vwQDmr�
wDQB RmQt� OR� uwQDwOwQ Qo��DW QO �q�k xm �vwQDmr�nviDl� C�a�k R� �t
u�Wv � pmW QO �Q C�a�k u�� �s�OQm xO�iDU� 	Ow� xDiQ Q�m x� �OR� �Qw�Qi
x�rw� CUD ��Q� w xOWxDN�U �vwQDmr� nviD u�� Xk�v C�a�k �s��xO�O

�CU� xOW xO�t�

�OvOWx�yD OvOw� �Oq�t � xyO ��yp�U QO SLAC III w SLAC II

w �vi ��y�Q�mxR� Q x� �H�Q �v�w�Qi C���RH �w�L �yVQ�Ro w Cq�kt u��
�OvO�it Q��U� xm OvDUy �tra

�CERN Accelerator School� uQU Qo ��DW �xUQOt ��yxQwO
u�� R� �NQ� �OvDiQo Q�Qk xO�iDU� OQwt Q��U� xm OvOw� �Qo�O Ct�k�P ��vt
u�� TwQO �OvR�OQB�t �yQo��DW �Qw�vi w �vi ��yx�vH x� QDW�� �yxQwO
QO w OvOW pkDvt Qo��DW KQ� ��yQDw�Bt�m x� CvQDv�� j� Q� R� �yxQwO
�H�Qt w lQ�Ot Q��U �Qw��tH Qw�vtx� �OvDiQo Q�Qk KQ� u�Q�mty Q��DN�
R� �m� ltm x� 	OvOw� OwHwt CvQDv�� �xm�W QO xm Qo��DW x� �w� Qt
x� �w� Qt ��yC��U �� ��DQt xm �w �xLiYl� 	KQ� Q�mty u�� wHWv�O
QO Accelerator Database u�wva �� w OW �L�Q� CU� �w
wt u��

�CiQo Q�Qk Qo��DW KQ� u�Q�mty Q��DN�
CU� �Q�Ri� sQv 	Qo��DW ��yQ�DN�U �x�U�Lt ��Q� �wr�t Q�Ri�sQv
s�Hv� Oa� xU QO �Q Qo��DW l �w�m x� �w� Qt C��U�Lt xm Ma�a s�v ��
xHwD �� sy u� O� QN w Ow�v �t TQDUO QO Q�Ri�sQv u�� xv�iU��Dt �OyO�t
C� �U�Lt ��Q � u ��Q �� v � �CU� v umtt Q�Ri�sQ v u �� � ��m � Qt� ��Wvtx �
�wQ Q�Ri�sQ v u �� �OW xO�iDU� Super�sh s� vx � �Oa � wO �Q�Ri�sQ v R�
s�Hv� ��Q� pLt wO Qy QO w OW�Yv u�yiY� w u�QyD QO KQ� ��yQDw�Bt�m
�r�rLD C��U�Lt �� Q�Ri�sQv u�� C��U�Lt G��Dv �CiQ Q�mx� C��U�Lt
Q�v x� �OW xU��kt Qo�O ��yQo��DWx� �w� Qt C��U�Lt �� u�vJty w
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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