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Hollow mirror imaging system for detection of beamstrahlung radiation 
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��XW�6JMa�Â��6JC^ZJC�,SM^{J���X_Kk`V\6SVY{XWY©KM\���^ZJ.L�J.��XWKk]{X[SV\�SM�3]{�6J#Ã{X[]=]=JC^µQCKM\�Y{]{Kk^{]�U[SV\6`�O�JC�9SM^{J�]{�6J�O�J.KML¬Y
Kk^ZJlL¬KM�6J¥Y{L£KMUWU�~�XWL���^{S0yFXW\6`�]{�6J¥JCÑ£QCXWJ.\�QT}�SM�u]{�6J����6SVU[J���^{SmÃ=J.QT]Ca

� O�SM]{�¨OeJ.KMLØU[J.\6`M]{��Y.~ 
�� a 
�X[`6a � YZ�6S0�µYµ]{�6Jl^ Kk]{X[S£SM�u]{�6J�QTSV�6JC^{J.\o]���S0�#JC^ZYµ^ZKM��XWKk]=J.�¨Oo}±J.KMQ �
O�J.KMLÈ���6J.\±]{�6J�]t�¿S�OeJ.KML U[J.\6`M]{��Y©Kk^{J�z�\6J.¤dz�KMU�a

� ]{��J±^ZKk]{X[S¢SM�µ]{��J±OeJ.KML ��J.X[`V�4]{Y 

� a 
�X[`6a � YZ�6S0�µY�]{��J���X ½�JC^{J.\4]�QTSV�6JC^ZJ.\4]�J.\���KM\�QTJ.L�J.\o]{Y
���6J.\±]{�6J�O�J.KML¬Y���K.yMJ�z�\6J.¤oz�KMU��6J.X[`V�o]Ca

Âµ��XWY�XWY�KMU[^{J.KM�6}¨K��;�6J.\6SVL�J.\6SV\¦�µX[]{�»��S0�#JC^{�pz�U3XW\�Y{X[`V�o]�XW\¨]{��J�IfI���~�O�z6]�]{�6JC^ZJ�X_YµSV\6J���SM]=J.\o]{XWKMU
O�^{J.Kk|o]{��^{SVz6`V�¦OeJC}MSV\��¨]{�6J�Y{XWL¬��U[JlKM\�KMUW}dY{X_Y�SM�
¯µJC�ta � � � a�xf]�L¬XWQT^{S7�#K0yMJ��fK.yMJ.UWJ.\6`M]{��~BKM\��¦�,SM^�yMJC^{}
L¬Sd�6J.Y{]¿O�J.KML�NPO�J.KML Sk½�Y{JC]C~6]{�6J�^ZJ.QTSM^Z�6J.��L¬XWQT^{S7�#K0yMJ�^ZKM��XWKk]{XWSV\£XWY#XW\��9KMQT]f]{�6J�XWL¬Kk`MJ�SM�B]{�6J�IfI���~
��X[]{��JT�F��J.QT]=J.�Ï\�JC`VUWX[`VX[O�UWJ�O�KMQ{|d`M^{SVz�\���YCa¨Â��6J·XWL¬Kk`MJ�QTSVz�UW��~3��SM]=J.\4]{X_KMUWU[}M~u��^{SF��z�QTJ£Y{JCyMJC^ZKMUfL�SM^{J
SMO;Y=JC^{ykKkO�U[J.Y¥SM��X_\4]=JC^{J.Y{]Ca�Â��6JC^{J£X_Yl\6S»Y=SM�,]t�#Kk^ZJ·K0ymKMXWU_KkO�U[J¬]=S»Y=]{z��6}(]{�6J.Y=J����6J.\6SVL¬J.\�KF~@����XWQZ�sXWY
���4}�XW\�]{�6Jl\�JT�d]��dJ.QT]{XWSV\��#J���^{SM��SVY=J�]=S¬��^ X[]=J¥Y=SVL�JMa
x�\¢XWL¬Kk`MJ�SM�¿]{�6J�I#I���QCKM\(O�J�SMO�]{KMXW\6J.�»�9^{SVL­]{�6J���X[`V�»J.\6JC^Z`M}¨��Kk^{]�SM�¿]{�6J�^ZKM��XWKk]{X[SV\B~���S0�#JCyMJC^
]{��JC^{J£Kk^{J¬Y=JCyMJC^ZJ�QTSV\�Y=]=^ KMXW\4]{Yl��z6J�]=S¨��X[`V�(��S7�¿JC^.~@JT�d]=^ZJ.L�J¬^ZKM��XWSVKMQT]{X[ydXW]¶}M~h]{��J¬XW\4]=JC^Z�,JC^{J.\�QTJ��µX[]{�
]{��J�O�J.KML ��z�L��B~3K¦L¬X_Y{Y{X[SV\FN¶QT^ X[]{XWQCKMU��6JCyFXWQTJM~�KM\���]{��J·z�\�QTJC^{]{KMXW\o]{X[J.YlXW\��6JC^{J.\o]¥]=S»L¬J.KMY{z6^ZXW\�`�]{�6J

�
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�X[`Vz6^{J � É��fIÍ^ZKk]{X[S·SM�
}FX[J.UW��Y�°pOeJ.KML � yMJC^ZY{z�Y�O�J.KML"²o´fKMY�K��9z�\�QT]{X[SV\�SM�¿]{�6J�OeJ.KML�NPOeJ.KMLØSk½�Y=JC]Ca�Â��6J
Y{XWL�z�UWKk]{XWSV\�YfQTSV\���X[]{X[SV\�Y©Kk^{Jl�6J.Y{QT^ X[O�J.�·X_\ 
uXW`6a¿²d~�O�z6] 
 ��� �Ó² � ��� L±a

^ KM��XWKk]{X[SV\Ë�µX[]{��XW\¢Y{SVL�J�Y=SM^Z]�SM��QCKMU[SM^ XWL�JC]=JC^.a�x�UWY=S�]{��J�Y=J.\�YZX[]{X[yFX[]{X[J.Y�]=S¦OeJ.KML�NPOeJ.KML���Kk^ZKML¬JC]=JC^ZY
Kk^ZJ¥yMJC^{}±��X ½�JC^{J.\o]Ca
xf]
]{��XWY�]{XWL¬J#]{��JµL�SVY=]�z6^Z`MJ.\4]
Y{]=JC�£XWYu]=SlKMY{Y{J.Y{Y�]{�6J©�9J.KMY{X[O;XWUWX[]t}¥SM��K�L¬XWQT^{S7�#K0yMJ��6JC]=J.QT]=SM^fKk]#�f®f�F¯¥~
]=S±��^{S0yMJ¬]{��J���^ZXW\�QCX[�;U[JMa¥¯�JC�¸a � � � �9SM^{J.QCKMY=]{Y¥K±UWKk^Z`MJ¬Y{X[`V\�KMU3�9SM^��#K0yMJ.U[J.\6`M]{��YlOeJC]t�¿JCJ.\s²�KM\�����QCL±a
Âµ�6J�SV\�U[}¬��^ZSMO�U[J.L¬Y¿�µ��XWQ ��Kk^ZJ�Y{JCJ.\±Kk]©]{��XWY#]{XWL�J�QTSV\�QTJC^Z\±�6S7�Ó]=S¬L¬XW\�X_L¬KMUWU[}�Y{��X[J.U_�¬�9^{SVLÇ]{�6J�¯ 

\�SVXWY=J�Od}�]{�6JlOeJ.KML�a�Â���XWY©Y=]=JC�¨SM�3�9J.KMY{X[O;XWUWX[]t}£Y=]{z��6}��µXWUWUeO�J�]{Kk|MJ.\¨X_\¨�Fz�L¬L�JC^µ²k³M³V�da

�B/pE¢>@*9+65m/,8e:h- �
Âµ�6J¨JT�6XWY=]{XW\�`ËY=SM�9]¶�fKk^{J(]=SÏY{X_L�z�U_Kk]=J�]{�6J(I#I�� KM\��jKk]=]=J.\���KM\o]·O�J.KML¬Y{]=^ZKM��UWz�\�`6~©����vÁ��®¿xÌÅ�v{�
KM\��s�fx�v¸��~BXWY�SM�©UWX[]=]{U[J�z�Y{J��,SM^¥SVz�^���^{SmÃ=J.QT]Ca£I#SM]{����^{SM`M^ KML¬YC~h�6S7�¿JCyMJC^0~@��^ZS0yFXW�6J�K±��UWKk]=�9SM^ZL­�9SM^
��JCyMJ.U[SM��L�J.\o]�SM�¥KÏY=SM�9]¶�fKk^{J(]{��Kk]·�¿SVz�U_� ��^{S7ydX_�6J���^{J.��XWQT]{X[SV\�Y��9SM^�KMUWU�]{�6J»���6J.\�SVL�J.\�K�]{��^{SVz6`V�
����XWQZ��]{��JlIfI©�ÍQCKM\±O�J�SMO�Y=JC^{yMJ.�Ba
Âµ�6J¬�6JCyMJ.U[SM��L¬J.\4]�SM�fY{z�Q ��K±Y=SM�9]¶�fKk^{J¬`MSdJ.Y¥�#J.UWU3OeJC}MSV\��¢SVz6^¥Y=��J.QCX[¼�Q�\6JCJ.��YC~hKM\��(�#SVz�UW�(XW\(�pKMQT]
Y{JC^{yMJ�]{�6J�QTSVL£L�z�\�X[]¶}¨Kk]�UWKk^{`MJMa 
�X[^ZY=]{UW}M~;�µXW]{�¦Y{z�QZ�»K�Y=SM�9]¶�fKk^{J�SV\6J��#SVz�UW��O�J�KkO�U[J�]=S�KMYZY=J.Y{Y�]{�6J
��^{SmÃÁJ.QT]=J.�s|F\6S0�µUWJ.�6`MJ¬SM�f]{�6J�IfI��§X_\4]=JC^ZKMQT]{XWSV\�a�v¸]�X_Y¥XWL���SM^{]{KM\o]C~h�9SM^lJT�6KML���U[JM~@]=S¦U[JC]l]{�6J£�fKk|MJ
¼�J.UW��Y��¿SM^Z|dXW\�`·`M^ZSVz6�(|d\6S7�§]{��Kk]�]{�6J�O�J.KML­]{KMXWU3�µXWU_U¿°pSM^��µX_UWU@\�SM]T´�OeJ�L�J.KMY{z�^{J.�¢��X[^{J.QT]{UW}¨XW\»]{�6J
IfI���a
À@X[|MJC�µXWY{JM~�]{�6J·QTSVL£L�z�\�X[]¶}Ï��KMY�OeJCJ.\ÏY{z6���eSM^Z]{X[yMJ£SM�µL�z�U[]{XW��U[J£L�J.KMYZz6^{J.L�J.\o]{Y�SM��]{�6J±Y{KML�J±IfI��
¤dz�KM\o]{X[]¶}Ï°�Y{K.}M~@]{�6J�O�J.KML�NPO�J.KML­yMJC^{]{XWQCKMUuSk½�Y=JC]T´�SV\(`MJ.\6JC^ZKMUu��^ XW\�QCX[��UWJ.YCa�Ifz6]�]{�6J�^{J.KMU�X_\4]=JC^{J.Y{]�SM�
L�z�U[]{XW��U[J�L�J.KMY{z�^{J.L�J.\o]{Y¿XWY¿]{��Kk]¿]{�6JC}£��K0yMJ�Y=SVL¬J.�6S0�Ó��X ½�JC^{J.\o]
Y=J.\�YZX[]{X[yFX[]{X[J.Y�]=S�]{�6J�YZKML�J�¤dz�KM\o]{X[]¶}
���6J.\�]{�6J�O�J.KMLØYZ��Kk��JlQZ��KM\�`MJ.YCaµ��Kk|MJ�¼�J.UW��YC~;X[��Y{XW`V\�X[¼�QCKM\o]C~�Kk^{J�O�SVz�\��±]=S·��^{SF��z�QTJlK��#J.KMU[]{�¨SM�
QTSVL¬��U[JT�±O�J.KML%Y{��Kk��J.YCa©�dS¬]{�6Jl�o}d�eSM]{��J.Y{XWYfSM����X ½�JC^{J.\o]µY=J.\�Y{XW]{X[ydXW]¶}¦°p����XWQZ�¨XWY3Ã{z�Y=]µKM\��o}d�eSM]{��J.Y{XWY
^ X[`V�4]�\�S0��´¿\�JCJ.��Y©]=S¬O�J�JCykKMUWz�Kk]=J.�±]{�6SM^ZSVz6`V��U[}Ma

�
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CB enhancement,
σy1/σy2=3


�X[`Vz6^ZJ � É#�FKML�J¥KMY 
uXW`6a¿²d~�O�z6] 

�
�
�Ó�V�m\�L�a

Âµ�6JC^{JC�9SM^{J��#J
�µXWU_U7JCyMJ.\o]{z�KMUWUW}���^{SM��SVY=J�]=S���JCyMJ.U[SM��Y{z�QZ�lKµ��^{SM`M^ZKML KM\���]=S�SMO�]{KMXW\¥]{��J�]{�6J��9SVUWU[S7�µXW\6`
^ZJ.Y{z�U[]{YCÉ

� ����Kk]�XW\6�9SM^ZL¬Kk]{X[SV\ÐQCKM\HO�J·JT�d]=^ZKMQT]=J.�Î�,^ZSVLº]{�6J��eSVYZY{X[O�U[J·XWL¬Kk`VXW\�`»SM��]{�6J�IfI�� XW\Ï]{�6J�L¬X N
QT^ZS0�fK.yMJ���Kk^{]�SM�3]{�6JlY=��J.QT]=^Zz�L �

� ��S0� �6S¢U[S7�ÈJ.\6JC^{`M}Ï��Kk^{]{XWQCUWJ.Y·°p�;KMX[^ZY�QT^{J.Kk]=J.� Od}ËO�J.KML¬Y{]=^ZKM��UWz�\�`6~�KM\��Ð��Kk^{]{XWQCUWJ.Y�]{��Kk]¬U[SVY=]
L�z�Q ��SM�3]{�6J.X[^�J.\6JC^Z`M}�]=S¬O�J.KML¬Y{]=^ZKM��UWz�\�`�^ KM��XWKk]{X[SV\�´�Km½�J.QT]µ]{�6J�U[S0�ÍJ.\�JC^{`M}±Y{X[`V\�KMUWY �

� ¼;\�KMUWU[}M~��µ�6J.\(JCyMJC^Z}o]{��X_\6`�J.UWY=J¬XWY�XW\»��U_KMQTJM~B�¿J���XWUWU@JCymKMUWz�Kk]=J¬�6S0� ]{��J�L£KM\4}»SMO�Y=JC^{ykKkO�U[J.Y�SM�
]{��J¦IfI��Ç^{J.UWKk]=J¦]=SËY=��J.QCX[¼�Q�O�J.KML�NPO�J.KML QTSV\6¼�`Vz6^ZKk]{XWSV\�YCa I#J.QCKMz�Y{J»L�SVY{]¬SMO�Y=JC^{ykKkO�U[J.Y�Kk^{J
\�SV\FN¶UWXW\6J.Kk^��µXW]{� ^ZJ.Y=��J.QT]±]=SHOeJ.KML�NPOeJ.KML ��Kk^ZKML�JC]=JC^ZY.~�JCyMJ.\ KMY{Y{z�L¬X_\6`sSV\�U[}Î]{�6^ZJCJ�UWKk]=]{XWQTJ
��SVXW\o]{Y���JC^���a�S6a��ta[~eSV\6J�Kk^{^ZX[yMJ.Y�Kk]�K�L¬XW\�X_L�z�LÇ`M^ KM\���]=SM]{KMU3SM� � ��� YZXWL�z�UWKk]{X[SV\�YCaf�Ä��XWU[J�Y=SVL�J
YZXWL���UWXW¼�QCKk]{X[SV\�Y
�µXWUWU�OeJ�\6J.QTJ.Y{YZKk^{}M~6]{��XWY#XWYfK�UWKk^{`MJ�KML�SVz�\o]fSM�h�#SM^{|;a�v¸]f�µXWUWUP~4]{�6SVz6`V�B~d��^{S0yFXW�6J
KM\�Y=�¿JC^ Y�]=S�¤dz6J.Y=]{XWSV\�Y�Y{z�Q �¨KMYCÉf�6S7� QCKM\��#J�L¬SV\�X[]=SM^��fKk|MJ�¼�J.UW�±JT½�J.QT]{Y �(�Ä��XWQ ��KMY=��J.QT]{YµSM�
]{��J�IfI��Ð]{��Kk]#L¬K.}�Km½�J.QT]#UWz�L¬XW\6SVY{XW]¶}�Kk^ZJµ\6SM]¿��JC]=J.QT]{KkO�U[J���v¸\�]{z�^Z\�]{�6J.Y=J�QTSV\�QCUWz�YZX[SV\�Yu�#SVz�UW�
Y{��K.�µ\¨K¬�6JCO�Kk]=JM~���X[]{��XW\·]{�6J¥QTSVL¬L�z�\�XW]¶}M~�Kk]µK£L�z�Q �¨�6JCJC��JC^�U[JCyMJ.UB]{��KM\�XW\�]{�6Jl^{J.QTJ.\4]µ��KMY=]Ca

Â@J.QZ��\�XWQCKMUWU[}M~�]{��J·��X[½eJC^{J.\�QTJ�O�JC]¶�#JCJ.\HU[S7� J.\�JC^{`M}ËKM\��Ð��X[`V�ËJ.\6JC^{`M}sOeJ.KML£Y=]=^ZKM��UWz�\6`¨XWY�]{��Kk]C~��9SM^
��X[`V�£J.\�JC^{`M}M~6SV\6J�`MJ.\6JC^ZKk]=J.Yf]{�6J�����SM]=SV\�Y�°�XW\£SV\�J�SM�h]{�6J���^{SM`M^ZKML¬YfKkO�S0yMJM~6JT�6KMQT]{U[}���Kk^ZKMUWU[J.U;]=S�]{�6J
X_\�Y=]{KM\o]{KM\6JCSVz�Y��;Kk^{]{XWQCU[J¥��XW^{J.QT]{X[SV\�´
KM\��¨U[JC]�]{�6J.L �9KMUWU����6JC^{J�]{�6JC}±L¬K0}Ma 
�SM^µ]{�6J 
�I#��~�SV\6Jl\�JCJ.��Y
]=S¬Y{�eJ.QCXW�,}¬]{��J¥�6JC]=J.QT]=SM^µ��X[�dJ.U�~FQTSVL���z�]=J�]{��J¥KM\6`VU[J�O�JC]¶�#JCJ.\±��Kk^{]{XWQCUWJM~FXW]{Yf��UWKM\6J�SM�@QCz�^{ymKk]{z�^{JM~�KM\��
]{��J���X �FJ.U�~4QTSVL��;z6]=Jl°�KM\���KM���¬z6��´B]{��J�XW\o]=J.\�Y{X[]t}�Kk]¿]{�6J���X[�dJ.U�a3x�UW`MSM^ZX[]{��L¬Y��,SM^¿]{��XWYC~M�µ��XWQZ�¬X_\�QCUWz��6J
KËQZ�6SVXWQTJ¨SM��Y{�eJ.QT]=^ KMU©��XWY=]=^ZXWO�z6]{X[SV\�Y.~��¿JC^{J�X_\4]=^{SF��z�QTJ.�HX_\H¯�JC�¸a ��� � a 
�SM^�]{�6J»�fI#��~�SV\6J�\6JCJ.��Y�]=S
Y{�eJ.QCXW�,}¬]{��J�KM\�`VU[JM~6QTSVL���z6]=J¬°�KM\���KM���±z���´3]{��J�KML¬��UWX[]{z���JM~dKM\���Y{¤dz�Kk^{J�Kk]f]{�6J�J.\���a¿��a�I¿SV\oyFXWQCXW\�X
KM\��¬�la4��J.UWJC^Zz6J�Kk]#���F�9SM^Z��~4��X_L¬Y=J.U[��K���^{SM��SVY=JC^�SM��K�O�J.KML¬Y=]=^ZKM��U_z�\6`��6JC]=J.QT]=SM^¿�9SM^�]{�6J���X[`V��J.\6JC^{`M}
�;Kk^{]©SM�u]{�6JlY=��J.QT]=^Zz�L � �M��� ~���K.yMJ�OeJC`Vz�\±XW\4yMJ.Y{]{X[`VKk]{XW\6`£��S0�Í]=S£L¬Sd��XW�,}�]{�6J�JT�FX_Y=]{XW\6`¬Y=SM�9]¶�fKk^{JMa

�



� cm8�+�g3Ddc·i.E��3+�2M5
I#J.KML¬Y{]=^ZKM��UWz�\�`¨XWYlK¨]=JC^{^ZX[¼;Q�]=SM��XWQ£�,SM^�}MSVz�\6`¦Y{]{z��6J.\o]{YCa�Â��6JC}(SV\�U[}¢\6JCJ.�Ë]=S¨|F\6S0� J.U[J.QT]=^{SVL£Kk`kN
\�JC]{XWY{L%Kk]�]{�6Jlz�\���JC^{`M^ZKM��z�Kk]=J¥UWJCyMJ.U�]=S£`M^ZKMY{��]{�6J¥�pz�\���KML¬J.\4]{KMUBX_Y{Y{z6J.Y©SM�u]{�6Jl��^{SmÃ=J.QT]Ca¿Â��6J¥YZL¬KMUWU
YZX[ÊCJµSM�B]{��Jµ��^{SmÃ=J.QT]fKMUWY=S�XW\4yFX[]=J.Y¿Y=]{z��6J.\o]
��Kk^Z]{XWQCX[��Kk]{X[SV\Ba3Â���J�Y=]{z���J.\4]#QCKM\·QTSV\o]=^ZX[O;z6]=Jµ�µ��XWU[J�K.yMSVX_�FN
X_\6`£]{�6J�XW\o]{XWL¬XW��Kk]{X[SV\�KM\��»��X[JC^ZKk^ QZ��XWQCKMU3Y=]=^Zz�QT]{z6^{J�X_\4]=^ZX_\�Y{XWQ�]=S�K�UWKk^{`MJ�QTSVU_UWKkO�SM^ZKk]{X[SV\�a�v¸\¦]{�6J�UWKMY=]
YZX ��}MJ.Kk^ZY¿¯�®
�ÓY=]{z��6J.\4]{Y¿®�adÀhz�QZ|o�fKMUW��~d�lao��JC]=`MJ.\B~F��aoÅ3S7�¿J.UWUP~dKM\���®�ao�¢J.Y=]#��K.yMJ���Kk^{]{XWQCX[�;Kk]=J.�¬XW\
O�J.KML¬Y{]=^ZKM��UWz�\�`�KMQT]{X[yFX[]{X[J.Y.~VKMUWUFSM��]{�6J.L �,SM^�Y{X[��L�SV\o]{��Y�Kk]�U[J.KMY=]�°p]{��^{JCJ�L�SV\o]{��Y�XW\�]{�6J©Y{z�L£L�JC^�KM\��
]{��^{JCJ©L�SV\4]{��Yu]=S¥K�}MJ.Kk^���z6^ZXW\6`�]{�6J©KMQCKM�6J.L¬XWQf}MJ.Kk^.´{auÂµ�6^{JCJfSM��]{�6J.L$�#SV\�QTSVL���JC]{X[]{X[yMJ©z�\���JC^{`M^ZKM�FN
z�Kk]=J�^{J.Y{J.Kk^ZQZ�»K.�fKk^Z��YC~e]{�6^{JCJ�SM��]{�6J.LØ��z6O�U_XWY{�6J.�·��Kk��JC^ZY¥°�¯µJC�9Y.a ��� � ~ � � � ~eKM\�� � � � ´{~;]t�¿S�SM��]{�6J.LRKk^{J
X_\»��^ZKM��z�Kk]=J��FQ �6SdSVUhXW\�Å¿�4}FY{XWQCY.~�SV\6JlSMO�]{KMXW\6J.�¨K��¦KMY{]=JC^ZY�°�\�SM]�XW\¦Å
�o}dY{X_QCYT´{~�KM\��¨SV\6J�Kk]=]=J.L���]=J.�
`M^ KM��z�Kk]=JlY{Q �6SdSVUhXW\±Å¿�4}FY{XWQCYCa�Âµ�6J.X[^©^{J.Y=J.Kk^ QZ��^ZJC�eSM^Z]{Y�QCKM\�O�J��9SVz�\��±Kk]�SVz6^�¯µ®
�$�#JCO�Y{X[]=J � � ² � a
��a
�¥SM^{O�XWKk|£KMU_Y=S¬QTSVUWUWKkO�SM^ZKk]=J.�·�µX[]{��Å
^{SM�ta¿�©XW\�KkO�^{S��9SM^©]¶�#S¬}MJ.Kk^ZY©SV\±Q ��Kk^ZKMQT]=JC^ZX[Ê.X_\6`�]{�6J¥IfI©�jz�Y{XW\6`
]{��J�Y{X_UWXWQTSV\±yMJC^{]=JT�»�6JC]=J.QT]=SM^�SM�¿�fÀh®f� � �.��� a��6�6JlXWY�XW\»��^ KM��z�Kk]=J¬�FQZ�6SdSVU3XW\¨Å¿�4}FY{XWQCY�KMYµ�#J.UWU�a 
�SVz6^
SM�u]{�6J.Y{J¥¼�yMJ¥Kk^{J¨ªÁ¼�^ZY=]©`MJ.\6JC^ZKk]{XWSV\¨Y=]{z���J.\4]{Y{«±°p¼�^ZY=]�XW\�]{�6J.XW^��9KML£XWU[}£]=S�Kk]=]=J.\��¨QTSVUWUWJC`MJk´{a
�6XW\�QTJ�X[]£X_Y¬QCU[J.Kk^£]{��Kk]£]{�6JC^{J¦Kk^{J¦KM\6SM]{��JC^£�9SVz6^¬}MJ.Kk^ZY�SM���¿SM^Z|ÐKM��J.KM� O�JC�,SM^ZJ�]{�6J¨¯ 	��ÌQCKM\ÎO�J
YZz�QCQTJ.Y{Y=�pz�UWU[}�QTSVL��;U[JC]=J.��~Fz�\��6JC^{`M^ KM��z�Kk]=J�Y{]{z��6J.\o]{Y
�µX_UWU�QTSV\o]{XW\oz�J�]=S��¿SM^Z|£XW\¬]{��XWY
��^{SmÃÁJ.QT]fKM\��£¼�\��
��^{SmÃÁJ.QT]{Y�]{��Kk]�Kk^{J�KMQCQTJ.YZY{X[O�U[JM~;Y{X[`V\�X[¼;QCKM\4]C~eKM\��¨QCKM\¦O�Jl�6SV\6J¥����XWU[J��#SM^{|FXW\6`¬J.U[O�S7�©NP]=SkNPJ.U[O�S0� �µX[]{�
K£Y{QCX[J.\o]{XWY=]Ca�
�z6]{z�^{J¥��^{SmÃ=J.QT]{Y�����XWQZ�±Kk^ZJ¥Y{z�X[]{KkO�UWJ��9SM^µz�\��6JC^{`M^ZKM��z�Kk]=J.Y�XW\�QCUWz��6JMÉ

� ]{��JlKM\�KMU[}FY{XWYfSM�uK.ykKMXWUWKkO�UWJ��f®#�F¯¹UWKk^{`MJ¥KM\6`VU[J���Kk]{KF~�XW\�QCU_z���XW\6`��6SVXW\6`�]{�6J.XW^©S0�µ\¦��Kk]{K�]{Kk|FXW\6`6a
� ]{��JlKMY{Y=J.L�O�U[}·SM�3K¬�eSVYZY{X[O�U[J�QTSV�6JC^{J.\o]�O�J.KML¬Y=]=^ KM��UWz�\6`��6JC]=J.QT]=SM^��9SM^��f®#�6¯��
� ]{��J�Y{XWL�z�UWKk]{X[SV\�SM�;Y=��J.QCXWKMUFKMY=��J.QT]{YuSM�;OeJ.KML£Y=]=^ZKM��UWz�\6`6~MY{z�QZ��KMYC~4�,SM^�JT�6KML���U[JM~M]{��J�z�\6��SVUWKk^ZX[ÊCJ.�

YZX[`V\�KMU�XW\�]{�6Jlv¸Àu� 
�I#�§�9^{SVL%Y=]=^ K.}���Kk^{]{XWQCUWJ.YCa

� Dd-0>@*,50-�8�r b cm/98;c � Do-0Do+�cm2��
vÁ\�²k³M³ � ~M�#J
SMO�]{KMXW\6J.�lKµ]{�6^{JCJ¿}MJ.Kk^u�»¯�v�`M^ZKM\o]¿°���� 
3N¶Å�����N¶³ �M� � ³V� � ~
	 �F� ² � � � ´B]=S�O�z�XWU_��]{��Jf�f®f�F¯
U_Kk^{`MJ�KM\6`VU[J�O�J.KML¬Y=]=^ZKM��U_z�\6`���JCydXWQTJMa�ÅuKk^{]©SM�3X[]fXWY#O�z�XWU[]C~dXW\�Y=]{KMU_U[J.��KM\����#SM^{|FXW\6`�KMY©KM�6yMJC^{]{XWY{J.��a�xf]
�©®#�F¯l~F��Kk]{K���K.yMJ¥O�JCJ.\�]{Kk|MJ.\¦UWKk]=J.U[}�Kk] � a � ��J 
$X_\�]{�6J¥XW\6�9^ZKk^{J.��~FXW\·]{�6J�^{J.�B~FKM\��±XW\·]{�6J�ydX_Y{X[O�U[JMa
Âµ�6J���Kk]{K��9SM^�K�yMJC^{}£^ZJ.QTJ.\4]©��K0}¦°p^{J.��KM\��·yFXWY{X[O�UWJ�SV\�U[};´uKk^ZJ�YZ�6S0�µ\�XW\ 
�X[`6a
�d~6�µ��X_U[J 
�X[`6a � Y{�6S7�µY
]{��J�OeJ.KML­QCz6^Z^{J.\4]{Y��9SM^�]{�6J���K0}Ma�Â���J�QCz�^{^{J.\o]���JC]=J.QT]=SM^lY=JCJ.Y�]{�6J�J.U[J.QT]=^ZSV\¢^ZKM��XWKk]{XWSV\�~�Y=S�]{��Kk]¥KM\
JCyMJ.\o]{z�KMU�O�J.KML¬Y{]=^ZKM��UWz�\�`£Y{X[`V\�KMUf°pJT�F��J.QT]=J.�(]=S·O�J�KMUWL�SVY=]�JT�6QCUWz�Y{XWyMJ.U[}�XW\¦]{�6J�XW\6�9^ZKk^{J.��´#�¿SVz�U_�¦O�J
��^{SM��SM^{]{X[SV\�KMU@]=S���
�� �� a���z6^�OeJ.KML­¼;\���XW\6`�QCKk��KkO�XWUWXW]¶}¨XWY�JT�6QTJ.UWU[J.\o]C~hKM\�� 
�X[`6a��£`VX[yMJ.Y¥KM\(XW��J.K�SM�
]{��J¥��Kk^{|�\6SVXWY=J�SM�3J.KMQZ�¨Å¿�¦ÂÓKMY��¿J.UWU�KMY�]{�6J¥KM\6`Vz�UWKk^©^ZJ.Y=SVUWz6]{X[SV\�SM�3SVz6^©SM��]{X_QCYCa Â��6J�¼�\�KMU;�;X[J.QTJ.Y
SM�@]{�6J��pz�UWU���JC]=J.QT]=SM^�Kk^{J�z�\���JC^fQTSV\�Y=]=^Zz�QT]{X[SV\�Kk]©�Í�F�¹KM\����µXWUWU�OeJ�XW\�Y{]{KMUWU[J.�·Kk]��f®#�F¯Ó��z6^ZXW\6`�]{�6J
YZ�oz6]{��S0�µ\�Y{]{Kk^{]{XW\6`¬XW\±U_Kk]=Jl�¦K0}�²k³M³V�da[a
vÁ\·�FJC��]=J.LlO�JC^¿²k³M³ � ~F�#JµSMO�]{KMX_\6J.�£K�SV\�Jµ}MJ.Kk^#`M^ZKM\4]�°p�l��®�N 
3��³V²7N¶³ � ®
¯ � ~�	 � ³M³M³d´u]=S�Y=]{z��6}�O�J.KML�N
Y{]=^ZKM��UWz�\�`6a
vÁ\±]{�6J�U_KMY=]��9SVz6^µL�SV\o]{��YC~;�¿J¥¼�^ZY=]{U[}�QTSV\�QCUWz���J.�±]{��Kk]µ]{��JC^{J¥�fKMY�\6S£^{J.KMUB��SVY{Y{XWO�XWUWX[]t}�]=S
]=J.Y{]��©I Kk]f]{�6J

 
�Â�I Kk]©�FÀ@xµ��ad�¢J�]{��J.\�Q �6SVY=J�]=S�QTSV\�QTJ.\4]=^ZKk]=J�SV\·�9J.KMY{X[O�X_UWX[]¶}�Y=]{z���X[J.Y
Kk]µ�f®f�F¯¥a
�¢J�KMUWY=S�Kk^{^ZXWyMJ.�»Kk]�K±Y{XWL���UWJlO�z6]�JT½�J.QT]{X[yMJ£�6J.YZX[`V\(�,SM^�]{��J��fI#��~BYZ�6S0�µ\¢X_\ 
�X[`6a � a�Â��6J��6JCyFXWQTJ
L£Kk|MJ.Y#z�Y=JµSM��]{�6J�O�J.KML ��z�L��¬�µXW\��6S0�jKMY
]{�6J���^ZX_L¬Kk^{}�L¬X[^{^{SM^0~V�µX[]{��KlY=J.QTSV\���Kk^{}¬L¬X[^{^ZSM^¿U[SFQCKk]=J.�
Y{SVL�J(² � L�JC]=JC^ZY·K.�fK.} �,^ZSVL ]{�6J¦OeJ.KML ��z�L¬�BaÓI¿}H]{��XWY£L�JC]{��Sd��~©]{��J¦�6JC]=J.QT]=SM^±XWY�QTSVL���U[JC]=J.U[}
X_Y=SVUWKk]=J.�·�,^ZSVL ]{��J�L¬KM\o}£��^{SMO�U[J.L¬Y�°�¯ 
Ð\6SVXWY=JM~F^{J.KMUeJ.Y=]{Kk]=J¥QTSV\�Ò�XWQT]C~6KM\���^ZKM��XWKk]{X[SV\·��KML¬Kk`MJk´
KMYZY=SkN
QCX_Kk]=J.�£�µXW]{�¬]{�6J�OeJ.KML UWXW\6JMauÂ��6J�Y=J.QTSV\��·L¬X[^{^{SM^
OeSVz�\�QTJ.Y�]{�6J�^ZKM��XWKk]{XWSV\¬K.�fK.}��,^{SVL ]{�6JµO�J.KML UWXW\6J
]=S�K¬`M^ Kk]{XW\6`£����XWQZ�¨XWYµz�Y{J.��]=S�Y{��^{J.KM��]{��Jl^ZKM��X_Kk]{X[SV\�XW\¨�#K0yMJ.U[J.\6`M]{��a�vÁ\�yFX[JC� SM��]{�6JlyMJC^{}�Y{]=^{SV\6`
YZX[`V\�KMU�~�]{�6J��6JC]=J.QT]=SM^ZYlQTSV\4]{KMXW\(J.KMQ ��Y=JCyMJC^ZKMUu�pKMY=]¥L¬X_QT^{S0�fK.yMJ¬�6JC]=J.QT]=SM^ YC~hSM�
K�]t}o��J�]{��Kk]�Y{Kk]{z6^ Kk]=J.Y
�9SM^lUWKk^Z`MJ��;z�UWY=J��6J.X[`V�o]{YC~hKM\��(��X[]{�(��X ½�JC^{J.\4]�Kk]=]=J.\dz�Kk]=SM^ZYC~@]=S¨QTS0yMJC^�KM\(JT�d��J.QT]=J.����}d\�KML£XWQ�^ZKM\6`MJ
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�X[`Vz6^{Jl�dÉ
��Kk]{K£�,SM^µ]¶�#S£^{J.��Å¿�¦ÂµYC~6]{Kk|MJ.\¦U_KMY=]�Y{z�\���K.}Ma

SM�©SM^ �6JC^ � ³����Ma�Âµ�6J£�6JC]=J.QT]=SM^��9J.Kk]{z6^{J.Y�Kk^{J���X_Y{QCz�Y{Y=J.�ËXW\�`M^{J.Kk]=JC^��6JC]{KMX_U
XW\�¯µJC�ta � � � a�Â���XWY¥YZXWL���U[J
��JCydXWQTJ�Y{�6SVz�UW���6J.U_X[yMJC^©]{�6J¥�9SVz6^©SMO�Y=JC^ZymKkO�UWJ.Y©��^{J.Y=J.\o]=J.��XW\ 
�X[`VY.a¿²7N � a

� +�24/p*p/,57/9Do-�����nB>3/ �uEsDd:e5¬+�:@g¹��5��hDdc � Do-08;>@c72VDd-
�Í�F� S0��\�Y�K ��XW`V�j¤dz�KMUWXW]¶}Ä�¦KMQ ��XW\6JÏ�6�6SM�B~��µ�6JC^{J�L¬KM\o}Ä��X[`V�ÄJ.\6JC^{`M}Ä���o}FY{XWQCY±�6JCyFXWQTJ.Y���K0yMJ
O�JCJ.\¦O�z�XWUW]Ca#Â���J.Y=J�XW\�QCUWz��6J�]{�6J���KM�6^{SV\�XWQ¥QCKMU[SM^ZX_L�JC]=JC^�SM��JT�F��JC^ZXWL�J.\o]µ®�N � � � Kk]�I#^{SdSM|d��K0yMJ.\�~�]{�6J
J.UWJ.QT]=^{SVL¬Kk`V\6JC]{XWQµQCKMU[SM^ZXWL�JC]=JC^�SM���FÂ3x�¯l~m]{��JfQCz�^{^{J.\o]��©Àh®#� I#J.KML Å¿X[��J¿KM\���Kk]=]{KMQ �6J.�¬J.¤dz�X[��L¬J.\4]C~
KM\��¢]{�6J��f®f�F¯§O�J.KML¬Y=]=^ZKM��UWz�\6`�L�SV\�X[]=SM^0a���z6^�`M^{SVz6�¢S7�µ\�Y � ��ÀhXW\dzF�¦O�S0�dJ.Y¥KM\�����KMY¥KMQCQTJ.Y{Yl]=S
�dz�\���^{J.��YfL�SM^{JMa
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	�� b cm8F�.Dd2M5�
·2M57/, h/,57/9Do-�+�:@g � DF*9/, eDocm+�?u*,Dd-
vÁ\�Y=��^ZXW\6`�KM\���Y{z�L¬L�JC^µ²k³M³V���#J¥�µX_UWUe��z6^ZY{z�J�]t�¿S£]{��XW\6`VYCa

�X[^ Y=]C~4Od}�]{�6J.\¬]{��J��f®f�F¯ ��JCydXWQTJ��µXWUWUFO�JµQTSVL¬��U[JC]=J.U[}�XW\�Y{]{KMUWU[J.�¬KM\���QCKMUWX[O�^ Kk]=J.��a@�¢J��µXWU_UF]{�6JC^{JC�9SM^{J
]=^Z}¢]=S»JT�F]=^ZKMQT]�K¨¼�^ZY=]�YZX[`V\�KMU�a�®��d��J.QT]=J.�ÏY{X[`V\�KMUWY�Kk^{J·SM�©SM^Z�6JC^�K � ³M³ �µÊ�Kk] � � � ��
 � � ³ML¬x�a
Âµ�6JC^{J¥Kk^{J¥K��9JC�¹��KM\���U[J.Y#]=S¬J.Y=]{KkO�UWX_Y{�·]{�6J¥Y{X[`V\�KMU�z�\�QTSV\4]=^ZS0yMJC^ZY{X_KMUWU[}Ma�Â��6J�¼�^ZY=]©XWYf]=S¬L�SV\�XW]=SM^µKM\4}
�o}d�eSM]{��JC]{XWQCKMUBY{X[`V\�KMU�KM\���Y=JCJ¥]{��Kk]µX[]��6J.QT^{J.KMY{J.YµUWX[|MJ�� �� ��
�KMY©]{�6Jl^Zz�\���^{SM`M^ZJ.Y{Y=J.YCa
Âµ�6J¥Y=J.QTSV\���X_Y©]=S£QTSVL���Kk^ZJ�^{J.Y{z�U[]{Yf�9^{SVLÈ]{��^{JCJl��X ½�JC^{J.\o]fO�KM\���Y�°�XW\��,^ZKk^ZJ.��~F^{J.��~�KM\��±yFXWY{XWO�U[J�KkOeS7yMJ
}MJ.U_U[S0��´{a��µS�Y{XW`V\�KMU�XW\(]{�6J¬yFXWY{XWO�U[J�X_Y�JT�d��J.QT]=J.��~3KM\��(]{�6J¬^ZJ.�¢KM\���XW\6�9^ZKk^{J.�(Y{XW`V\�KMUWY�Kk^{J¬JT�F��J.QT]=J.�
]=S¨OeJ�XW\»]{�6J�^ Kk]{X[S�SM�#KkO�SVz6] � � a�Â���X_Y�Y{JCJ.L¬Y¥L¬Kk^{`VX_\�KMU�~�QTSV\�Y{XW��JC^ZXW\6`·]{��Kk]�]{�6J¬XW\��,^ZKk^ZJ.�»YZX[`V\�KMUuXWY
KMUW^{J.KM�6}¨Y=S·�#J.Kk|;~�O�z�]�XW\¨�9KMQT]�]{�6J���Kk^{|¨\�SVXWY=JlSM�
SVz6^�^ZJ.�»Å¿�¦ÂµY�QCKM\(O�J�L£KM�6J�KMY�Y{L£KMUWUhKMY � ³ ��Ê
��X[]{�±QTSoSVU_XW\6`6a�vÁ\±]{XWL�JM~6�µXW]{��]{�6J¥O�J.KML%QCz6^{^ZJ.\4]{Y�X_L���^{S7ydXW\�`6~d]{��XWY©L�JC]{�6SF�±�µXWU_U�O�J.QTSVL�J¥�9J.KMY{X[O;U[JMa
Âµ�6Jl]{��XW^Z��KM\��¦L�SVY=]�X_L���SM^{]{KM\4]µ�#K0}�]=S�J.Y{]{KkO�UWXWY{��]{�6J�Y{XW`V\�KMUhXWYµ]=S���K0yMJ�Y=��J.QCXWKMUWX[ÊCJ.�±^ z�\�Y©�µXW]{�¨K
YZ�6SM^{]=JC^l�f®#�6¯¹O�J.KMLRU[J.\6`M]{��a���SVXW\6`·�,^ZSVL � ]=S � L¬L­QZ��KM\6`MJ.Y�]{�6J�JT�F��J.QT]=J.�(Y{X[`V\�KMUhOo}¨K��pKMQT]=SM^
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�X[`Vz6^{J � Éf�f®#�F¯¹O�J.KML%QCz6^{^{J.\o]{Y�QTSM^{^ZJ.Y=��SV\���XW\6`�]=S¬]{�6J���Kk]{K�SM� 
uXW`6a¿�da

SM���±X_\(]{�6J�^{J.��KM\��ËK±�9KMQT]=SM^�SM� � a ²±XW\(]{�6J£X_\6�,^ Kk^{J.��~��µ��X_U[J�SMOdyFX[SVz�Y{U[}¦]{�6J¬O�KMQZ|o`M^ZSVz�\���Y�^ZJ.L¬KMXW\
QTSV\�Y=]{KM\4]Ca
��]{�6JC^�]=J.Y=]{Y¬Kk^{J���SVY{Y{X[O;U[JM~�Y{z�QZ�ÐKMY�^Zz�\�\�XW\6`¨�µX[]{�sSk½�Y=JC]�O�J.KML¬Y.~�KM\��Ï]{�6JC}Ë�µX_UWU�O�J��6SV\6J±KMY�]{�6J
KM\�KMU[}dYZXWYl��^{SM`M^{J.Y{Y=J.Y.a�I¿J.QCKMz�Y=J±]{��XWY���^{SM`M^ZKMLºXW\oyMSVU[yMJ.Y�Y{�6SM^Z]C~
�6J.��XWQCKk]=J.� �f®f�F¯ ^Zz�\�Y.~uXW]�XWY�O�J.Y=]
��SV\6J±XW\Ï]{�6J±Y{z�L¬L�JC^��µ��J.\s]{��J�QTSVL���U[JC]=J±�6JCyFXWQTJ±XWY�K.ykKMXWUWKkO�UWJ�KM\��ÏQCKMU_X[O�^ZKk]=J.��~¿KM\��Ð�¿J±QCKM\HO�J
QTSV\o]{XW\dz6SVz�Y{UW}���^ZJ.Y=J.\4]�Kk]��#SM^Z\6J.UWUPa
Âµ�6J�Y{J.QTSV\��·]{��XW\6`¥]=S�O�J���SV\6J�]{��XWY¿YZz�L¬L�JC^#XWY
]=S�Y=]{z��6}�]{�6J��,J.KMY{XWO�XWUWX[]t}�SM�@K��©I¿� �,SM^��f®f�F¯¥adÂ��6J
X_\4]=J.\o]�XWYl]=S¦O;z�XWUW�(KM\��ËSM�eJC^ Kk]=J·K¦Y{XWL���UWJ¬�6JCydX_QTJ¬��^{S7ydXW��J£K���^ZSoSM�fSM�©��^ZX_\�QCX[��U[J��9SM^l]{�6J·L�JC]{�6SF��a
Âµ�6JC^{J¬Kk^{J¬\6S±��^{SMO�U[J.L¬Y�XW\(�6JC]=J.QT]{X_\6`¨Y{z�Q �¢K±�oz�`MJ¬Y{X[`V\�KMU©°pJT�F��J.QT]=J.��]=S±O�J�SM�¿SM^Z��JC^l³Fa � � ]=SM]{KMU
L£XWQT^{S0�fK.yMJl^ZKM��XWKk]{X[SV\·�µ��J.\�]{��J�OeJ.KML£Y©Kk^{J�Sk½�Y=JC]©Od} � 
 ´{a
Â��6J�SV\�U[}£��^{SMO�U[J.LÇXWY#]=S�¼�\���K��fK.}·]=S
L£XW\�XWL¬XWÊCJµ]{�6J�¯ 
Ð\6SVXWY{J�QTSVL¬X_\6`��,^{SVL ]{�6J�O�J.KMLÇSM^�X[]{YfQZ��Kk^{`MJ¥XWL¬Kk`MJM~6�µ��XWQZ��XWYfKMUWY=S�|F\6S0�µ\�]=S�O�J
yMJC^Z}�U_Kk^{`MJMa

� >@g@q;D45��0>@-C57/,1324+657/98;:��
Â@^ZK0yMJ.U�ÉhS7yMJC^ZKMUWUV]=^ K.yMJ.UWXW\�`©]=S��#SM^Z\�J.UWUm]=SM]{KMUWXW\6`�]t�¿S�L�SV\o]{��Y��9SM^h]{�6J�}MJ.Kk^.a
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Vertical slit, PMT1
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