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DFEHGJI�K>LNM5O;KQP�RSLTI>U�K>GJVWL3I'OYXHK'MHK>O;ZYKQL3IQI[G]\^RS_`\ba#cdGeUAa#M5LNKQPQXbKQL
fhg�ikj UNa#leU�XblJa#PQGJO;\bInmoO;K'pSqrptsTuYu�XbIQG]\bZva�MHK>LNlJGJcwGJ\ba;KQ_xlea8PQPQGeU�L
a#\bRvyzO;K>{`G]\HZ|M5O;GJ\}P�~]s����ADFEHL�P>O}OYlJInRSLN�YLNlJO;M5LTRvEHLTKQL'y�G]lJl�V5L
a#MHMHlJGJLTR'PQO[a#\�O;MHPQGJcwGJ�NL3R�lJa#PrPQGeU�L�GJ\�PQEHL�\bLTa#KzmoXSP>XHK>L;�
q�\)PQEHL�p`qrpts3u;u'PQEHL�IrPQOYK>a;Z;L�O;mza�VWL3a#c�GeI�moOYKQL3IrLTLN\���y�EbGJU�E

� l]leIka�Z;O`OSR�moK>aYU�P>G]OY\|O#m�PQEbL$V5LTa#c�MHGJM5L$O#m?IQLNcdG]��a#�SLTI��Y���?�;�
cwc�~]s����+�|Xbl�P>G]M5O;lea#KkL��SMba;\bIrGJO;\|O;m�PQEHLwa;UTU�LNlJLNK�a8P>O;K�c�a;Z;\HLNP>I
GJI�XWIrL3R�P>OvcwOSRSLTl�lea8PrP>GJUNL|\HO;\bl]GJ\HLTa;K[U�OYcwM5O;\bLN\}P>IT����IQXba#lJlJ_
c$XHl]PQGJMWOYl]L3I?���5�Q `�wa#K>LFKQLNPQK>G]LT�;LTR$V`_�G]\}P>LNZ;K�a8P>G]\bZ�P>EHL�c�a#Z;\bL�PQGeU
� LNleR[O8�YLNKFa$K>L�moLTKQLT\bU�LkU�GJK>UNl]LkO#m¡K�a;RHG]XbIz¢w��DFEHL�I£P�a#\bRHa;K>R'UNa#l]�
U�XHlea8P>G]OY\�O#mz���t�Q `�|c�a;RSLny�G�P>E�¢¥¤¦�Y�8cdc�l]L3a§�;L3I�XH\bUNLNKQP>a;G]\
PQEHLka;UNUNXHK�a;U�_wO#m�P>EHL�K>LTUNO;\bIrPQK>XbU�PQLTRdc�a;Z;\HLNPQGeU � LTlJR'G]\�P>EHL�mha;K
KQLTZ;GJO;\vO#m�P>EHL[c�a#ZY\HL�Pna;MWLTKrP>XHK>L;� i l]PQLTKQ\Wa8PQGJ�;LTl]_Y��PQEHL�c$XHl]PQG]�
MWOYl]L3I?UNa;\�VWL+O;VSP�a#GJ\HLTR�PQEHK>O;XHZYE[a � P¨~ �3�tO#m¡a�PQK>XH\bUNa#PQL3Rdc$XHl]�
PQGJMWOYlJa;K�L��SMba#\WIrGJO;\wy�G�P>EwPQEHL�V5LN\bRHG]\HZ�c�a;Z;\HLNPQGeU � LNleRnc�a;M�~ ©8���
DFEHL�VWL3I£P � PrPQGJ\HZ�MHK>O8�`GJRHLTI�PQEHL�OYK>RHLNKFO#m�PQEHL�LN�SMba#\bIQGJO;\��
D�a#VHlJL�s1IQEHO8y�ItP>EHL1c$Xbl�P>G]M5O;lJLTI�moO;K¡a;\$p`qrptsTuYu�RSGJMWOYl]L?a#P?sTu`ª

L��HU�G]P>a#PQGJO;\xU�OYcwMbXSPQL3R)y�G]PQE.IrP>a;\bRHa;K>R«~ ©§�za;\bR � PrP>G]\HZAMHKQOSUNL��
RSXHK>L f EHLNK>Ln  ��¬ u j ��q�\)O;K�RSLNK+PQO�G]cdMHK>O8�;L$PQEHLdU�OY\`�;LNK>Z;LT\bU�L
VWLNP£y�LTLN\kPQEHL�I£P�a#\bRHa;K>Rka#\WR � P���8�3P>EHL1c�a#ZY\HL�P>GJU � LTlJRkc�a#M�EWa;I
VWLTLN\[P�a#{YLN\[GJ\)® ¯�®S¤°�#u�cwc��1DFEHL+c�a8�SG]cnXHc±KQL3U�OY\bI£P>KQXWU�PQGJO;\
LNK>KQOYK�G]\�PQEHLwZ;K>GJR�c�a;Z;\HLNPQGeU � LNleR�GeI¨²n³d´8³+µ ¬ uH¶ ©;·��xs3uS¸5¹#�
º)LnXbIrL¨P>EHL � Pkc$XHl]PQGJM5O;lJLTI�P>O[RSLTI>U�K>GJVWL�P>EHL�\HOY\HlJG]\HL3a#K�UNO;cw�
DCa;VHl]L�sY»�p`P>a#\WRHa#K�Rda#\bRwV5LTIrP � P?cnXHl�P>G]M5O;lJLTI?G]\�Xb\HG�P�I1O;m�s3uS¸5¹#�
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MWOY\HLN\}P>I¨GJ\�PQEHL[UNLN\}PQLTK�O#m�PQEHL'p`qrp�sTu;u�V5LN\bRHIT�[DFEHL�LNä5L3U�P�O#m
PQEHL'I>a#ZYG�PQP>a�O#m�·�cdc�~ å8�zGJI�GJ\bUNl]XbRHLTR�PQEbKQOYXHZ;Exa�MHK>O;M5LNK$UNO#�
O;K�RSG]\Wa8PQL�IrEbG�mÁP[a8PwPQEbL�lJOSUNa8P>G]OY\�O;m�PQEHL�V5LN\bRæ\HO;\bl]GJ\HLTa;KQG]PQGJLTIT�
DFEHL[\HOY\Hl]GJ\HL3a#K$UNO;cdMWOY\HLN\}P�I�O#mzPQEbL�ç}Xba;RHKQXHM5O;lJLdmoK>G]\HZYL � LTlJR
a#K>LwcdOSRSLTl]L3R�aYI¨y�LTl]l�~ �§����q�\xè�G]ZW��sTa j yzL�MHlJO#P$a�U�XSP�O;m�P>EHL
I£P�a#VHGJl]G]P£_[RSOYcda;G]\�G]\'PQEHLk�`��_�MHlJa;\HL;��DFEHL�p`qrpts3u;u$GJI�PQXb\HLTR�O;\
PQEHLwKQLNmoLNK>LN\bUNLnyzO;K>{`G]\bZ[MWOYG]\}P�~�sN��O#m�éTêNµ ¬ s§�S¶ ëH��éNì�µ ¬ s§�S¶Ìí`�
DFEHL$IrP>a#VbG]lJG�P£_|RSOYc�a#GJ\|GJI+U�O;cdMHXHPQLTR�G]\|P>EHL��`��_�IQLTU�PQGJO;\|y�G]PQE
î ê ¬ í[c�a#\bR î ì ¬ ëH¶ ©'c f GJ\8ï£LTU�PQGJO;\ j �nð?aYU�E�M5O;GJ\YP�GJ\AP>EHL
MHl]O;P�KQLTMHKQL3IrLT\}P>I�PQEHL�GJ\HG]PQGea#l1U�OY\bRSG]PQGJO;\)O#m?P>LTIrP�Mba#KQPQGeU�lJLTIky�G]PQE
¯Wñ ¬óò ñ ¬ u�y�EHGeU�E)a#K>LdI£P�a#VHlJL f VWOYXH\bRSL3R j RSXHK>G]\bZ[PQEbLnP>XHK>\bI
U�O;K>K>LTIQMWOY\bRSLN\}P�P>O�G�P�I?ZYKQLT_nI>UNa;l]LY��q�\�K>LTRdGeI�MHl]O;PrP>LTRdP>EHL�V5LTa;c
MHG]M5L�GJ\�PQEHLnpSqrptsTuYunV5LN\WRHIN�zq�\�VHlJXHL�GeI�RSK�a§y�\'P>EHL$IQMba;UNL�IrL3U��
PQGJO;\|O#m�P>EHL$V5LTa;c!a#Pk�#ôvG]m�G]\8ï£L3U�P>LTR|y�G]PQE�L3ç}XHG]lJGJVHK>a#PQL3R�LNcdG�PQ�
P>a#\WU�LTI�O#m�õ ê;ö ÷>øFù ¬ õ ì§ö ÷>ø�ù ¬ ·b¶úí;��cwc%cdK>aYRæ~]s�����DFEbL g�i
GJI�RSL � \HL3R�aYI?P>EHL¨K>aYRSGJXbI f GJ\�\HOYKQc�a;l]GJ�NL3R'U�O`OYK>RSGJ\ba#PQLTI j O#m¡P>EHL
lJa;KQZYLTIrPkU�GJK�U�lJLwGJ\bI>U�K>G]V5LTR)GJ\bIrGeRSLwPQEbLdRHO;c�a#GJ\AO;mzIrP>a#Vbl]LdGJ\HG�P>GJa;l
U�O;\WRSG�P>G]OY\bI$~úíT��� i IkU�XbIrPQOYcda;KQ_'y�L�LN�SMHKQL3IQI�PQEHL g�i GJ\�PQLNK>c�I
O#m�PQEHLnVWL3a#c�ô��ty�EHGeU�E�moO;K�L3ç}Xba#lCLNcdG�PQP>a;\bU�L3In~]s���KQL3a;RHI�åW¶ å}ô��
DFEHGJInK>LTIQXHl�P3��EHO8y�LT�;LTKT��RSO`LTI�\bO#PwaYUNUNO;XH\}P�moOYK�PQEbL'GJcwM5LNKQmoLTU��
PQGJO;\bIFy�EHGeU�E|a8ätLTU�P�PQEHL�IQ_SI£P>LNc�a8P>GJU¨IrPQK>LN\HZ;PQE�O#m�LTa;U�E�c�a#Z;\bL�P
\HO;\HlJGJ\HLTa;KFUNO;cdM5O;\HLT\YP3��º)L�aYIQIQXHcdLkPQEHL3IrL¨M5LNKQPQXHK>Vba#PQGJO;\bI�a;KQL
O#m�PQEbLnI>a#cdL�{`G]\WR�moO;K+LTa;U�E|c�a;Z;\HLNPT»Fy�G�P>E)a§�YLNK�a#Z;Lk�NLTKQO�a#\bR
�§a;KQGea#\WU�LAs3u}ªû~ ü§��O#m�P>EHL|Ir_SIrPQLNc�a#PQGeU'IrPQK>LN\HZ;PQEý���W�.þz_xZYG]�}�
G]\HZwLTaYU�E'\HOY\HlJG]\HL3a#K�U�OYcdMWOY\HLN\}PFO#m¡P>EHL�p`qrptsTuYu$G]P>IFM5LNKQPQXbKQV5LTR
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DA in beam σ for εrms,x,y=8.75 mm mradσDA in beam    
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è�G]ZYXHK>L.s;»va j p`P>a#VbG]lJG�P£_°RSOYc�a#GJ\�ÿ+V j�g�i moOYK�axV5LTa;c y�G�P>E
õ�÷Qø�ù>ö ê;ö ì ¬ ·H¶Ìí#�ncdc¥cdK�a;R�a;IzmoXH\bU�PQGJO;\�O#m�VWLT\bR�LNK>KQOYK>IT�
IrPQK>LN\HZ;PQE��5y�LnEba§�;L¨moOYKQcdL3R�a#\|LTKQK>O;K�IQL�P3�+èbO;K�L3a;U�E|LTKQK>O;K�IQL�P
a�\HLTy g�i y�GJlJlWV5L�moOYXH\bR���º�L+U�OYcdMHXSPQL3RdPQEbL g�i moO;Kz�k��sTu;¹
PQXbKQ\bIda;\bR.ë}í|LNK>KQOYKnIQL�P�IN�.DFEHL3IrL�KQL3IrXbl�P�Iwa;KQL�IrEHO8y�\æG]\�PQEHL
EHGeI£P>O;ZYK>a;c GJ\�èCGJZb�tsTV j ��DFEHL¨�;LTKrP>GJUTa#lta8�SLTI�Z;GJ�;L3I�PQEHLk\`XHc$V5LNK
O#mzIrLNP>IkmoO;K¨y�EHGeU�E�P>EHL g�i a#M5LNKQPQXHK>LwyzaYI�moOYXH\bRAPQO�Eba§�;LnPQEHL
�8a#lJXHLwG]\)PQEHLdU�OYKQK>LTIQM5O;\bRSLT\}P+VHGJ\AGJ\AP>EHLwEHO;K>G]�TO;\}P>a;l�a#�SLTIT��q�\
O;K�RSLTK�P>O�L3I£P>G]c�a8P>LnV5LTa;c�l]O}IQIT��yzL$Eba§�YL$P>K>aYU�{;LTR|a � a#XWIQIQGJa;\
V5LTa#c¦O;m�sTu ¹ PQLTIrPCc�aYU�K>O;Mba;KrP>GJUNl]L3Ity�G�P>E$LTç}Xba;l;LTcwG]PrP�a#\bUNLTICO8�;LTK
sTu;¹�PQXbKQ\bIT��q�\�PQEbLTIQL+IQG]cnXHlJa#PQGJO;\bI1PQEHL+VWL3a#c±MHGJMWL+GJIza#\�LTl]lJGJMbIrL
O#m¡�Y���n�Y��cdc {;LTMSP�U�OY\bIrP>a#\}P?a;l]OY\HZ¨PQEHL�KQGJ\HZb��º�L�U�OYcwMbXSPQL3R
PQEbLN\�PQEHL�M5LNK�U�LT\YPFO#m�VWL3a#c¥IQXHK>�`G]�8a#ltM5LNK�LTKQK>O;KFIrLNP�a#\bR'moO;XH\WR
avRSGeI£P>KQGJVHXSP>G]OY\ýM5LTa;{;L3R�a8P'ë`í`� ©}ª�O;m+V5LTa#c�IrXbKQ�`GJ�§a;l�y�G�P>Eýa
IQMHKQL3a;R�O#m�uH�ú�Yª'�

� XHK�K>LTIQXHl]P>I[moO;K�PQEHL g�i UTa#\H\bO#P�V5L�P�a#{YLN\ aYI � \ba;l¨�§a;l��
XHL3I�IQG]\WU�L+aYRHRSG]PQGJO;\ba;lbmhaYU�P>O;K�I1\HLTLTR�P>O$V5L�P�a#{YLN\[GJ\}PQOnaYUNUNO;XH\}PT�
èHOYK�aAMHK>LNlJGJcwGJ\ba;KQ_xRSGeIQUNXbI>IrGJO;\.yzL�a;RSOYMSPnP>EHL|IrXbZ;Z;L3I£P>LTRxK>L��
RSXbU�PQGJO;\bI f GJ\.ª j O#m���L�m£��~ í§�Ô��DFEHLwa;RHRHG�P>G]OY\ba#l�IQa#moL�P£_�c�a#K>Z;GJ\
O#m����;u}ª MHK>O;M5OYIQLTR�GJ\���LNm£��~úí3��a#MHM5LTa;K>I�PQO�VWLwXH\baYUNU�LTMSP>a;VHlJL
EHLTKQL�a#\WR'\HLTLTRHIzmoXbKrP>EHLNK�UNO;\bIQGJRHLNK�a8PQGJO;\¡��º�L�IQUTa#lJL¨G]\�DCa;VHlJL��
PQEbL�p`qrptsTuYu g�i O;m5åW¶ å}ôdmoO;K�P>EHL�K>L�moLNK>LN\WU�Lzy�OYKQ{`GJ\HZ�M5O;GJ\}PT��º)L
GJ\SmoLNK$a;lJIQO�MWO}IQIQG]Vbl]L�V5LTa;c l]O}IQI¨V`_�IrGJcdMHl]_AXbIrGJ\HZ�a � a#XWIQIQGJa;\
U�XHPkcdOSRSLNlÔ� �|OYKQLwa;UTU�XHK�a8P>L$UNa;lJUNXHlJa#PQGJO;\bI+K>LTç}XHGJKQL$PQEHLdU�OYcn�
D�a#VHlJL��S»���LTlJa#PQGJO;\�VWLNP£y�LTLN\�L�ätLTU�PQGJ�;L�a#\WR�UNO;cdMHXSP>LTR g�i �
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