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hLi�jXkml�npo`q^o`r�stkvu'wxr�i�jXy�w�u�z�{�nNr�o^u�|}u2k�~�wEjp���E��rEwEl�i�q^{�|���l2r
�����L��i�l'�!~?jpj_|tz�jU�0o^��|�j_zdkvu'w�|8{�npq`jUl2w����0r�wE{�nNrE{�wEjej���y?jpw��
o^��jp|&rE�<{���o`|��Gy�i�u�r�u�|���o^|�z�{�npj_z�wEj_l'nNrEo`u'|��!��{�n6i�l'�]�������/���
�m|&{�n�q^j_l2w)wEj_��u�|�l2|�npjQ��{�u'w�jU��npjp|�npjU���������0�����������m�V���m|8{�n�q^j_l�w
y�i�u2r�u8jp�?jUnNr6��l2|�zdy�i�u2rEu�|���o^|�z�{�npj_zd���E��o`u'|�����| ¨2 ' 1¨ ��r�i�j
~?j_l��¡q`o^|�j�o`|¢r�i�j�l'npn�j_q`j_wEl2r�u'wgi�l�q`q¤£Ll���l��E�0j_�]~�q^j_z¥~&s
rEi�jxz�jpy�l�w0rE�xj_|&r!kvu�w<j���y?jpwEo`��j_|'r6l2q\kml�npo`q^o¦rEo`jU�¤l2|�z�~8s�r�i�j
z�j_y�l2w�r���j_|'r�u�k§r�i�j�wEl'z�o^l2r�o^u�|���u�{�wEnpjx�����L���/hLi�j���l2o^|
npu���y�u'|�jp|&r6�)�0{�n6ixl��\r�i�jC~?j_l��x��z�o�l2�'|�u'�0r�o�nQj_q`j_��jp|&rE�_�¨r�i�j
£Ll¨rEjpw���npu&u'q`jUz©w6l�z�o�l¨rEu�wxi�u�q�z�jpwx£�o`r�i�r�i�wEjpj�w6l�z�o�l¨rEu�wxy�u��
��o¦rEo`u'|��$ª ©p« ��r�i�j�~�jUl2�¡��i8{�r0rEjpw�¬i�l�wEz�j_|�jpwtª ¨¨« �!r�i�j�jpq^j_n��
rEw�u'|®~�jUl2�¯z�{���y¥l�|�z�r�i�j�n�u'|�o^n_l2q!npu�q^q`o^��l¨rEu�w�kvu'wGr�i�j
~�wEjp���E��rEwEl�i�q^{�|��d��l�z�j�u�kCy�{�w�j�l2q^{���o^|�o`{��°ª ± « £CjpwEj�o`|��
�0rEl�q`q^j_z/�
��|²rEi�j³j���y?jpwEo`��j_|'r6l2q!l�w�jUl���r�i�j�~?j_l��´q^o^|�j³~?jpi�o^|�z�r�i�j
npu�q^q`o^��l¨r�u'wZ£Ll��Zn�u'�xy�q`jpr�j_z��$hLi�jXy?u�q�l2wEo^�El¨rEo`u'|©��u�|�o`r�u'w
ª µ « �&r�i�j�r�{�~?j�kvu�w�r�w6l2|���y�u'w0rEo`|���r�i�j<y�i�u�r�u'|G~�jUl2�%o^|g¶¨l�n��

{�{��d�§rEi�j�y�i�u�r�u'|}~?j_l��·z�{���y¸ª ¹ « l2|�z�l$º!l2���»hLq��xz�jp�
r�j_n�r�u'w�kvu�w!�xu'|�o`r�u�wEo^|��xr�i�j�¼�u���y�r�u'|�����n_l¨r0rEjpwEj_zXo`|�n�o�z�jp|&r
y�i�u2rEu�|���ª ½ « £�j_w�j<o`|���r6l2q^q`jUz/�
¾�u�wLrEi�j���j_l'�0{�wEjp��j_|'r�u�k\rEi�jen6i�l2w6l�n�r�j_w�o���rEo^n��³wEl'z�o�l¨r�o^u�|
u2k¤r�i�j�|&{�n�q^o^z�jU��r�u©~?j��0r�{�z�o`jUz®l©�0jpr�{�y®u�k<i�o^��i���y�{�w�o`r�s
��jpwE��l2|�o^{��¿�»À!Á�Â<j�!z�j�r�jUnNrEu�w6�ZªÄÃ « £Ll����xu'{�|&r�jUz/�]¾�u'{�w
À!Á�Â<j�z�j�rEj_nNrEu�w6�)l2wEj�z�j_��o^��|�jUz]kvu'wQj���y?jpwEo`��j_|'r6�)£�o`r�i�y?u2�
q^l�w�o��0jUz�~�wEjp���E��rEwEl�i�q`{�|��gl2|�z�l2wEjey�q�l�npj_ztl¨r<Å  'Æ w�j_q^l2r�o^¶�j
r�u�r�i�je~�jUl2�Çz�o`wEj_n�r�o^u�|�l2|�z�l2r!Å  &Æ r�u�j_l'n6iXu�r�i�j_w_���§l�n6i
u2kÈr�i�jU�0j¤kvu'{�w�z�j�rEj_n�r�u�w6�L£�o`r�i�l2|�j�ÉGn�o^jp|�n�sgu�k ©U � QÊ wEjpq`�
l¨r�o^¶�jxrEu³l�±'Ë�Ì¢±�Ëdº�l2�¤z�j�rEj_nNrEu�w�o����0{�w�wEu�{�|�z�j_zt~8s�l2|
j_�Enpl2y?j�����{�y�y�wEj_�E�0o^u�|$��i�o`j_q^z©npu�|���o���rEo`|���u�kCj_o`�'i&r]~�o��0�Z{�r�i
��jpwE��l2|�l2r�jd��npo`|&rEo`q^q^l2r�o^u�|²z�j�rEj_n�r�u�w6�_��ÍÇ��k�rEi®À!Á�Â<j�z�jp�
r�j_n�r�u'w�o���y?u'��o¦rEo`u'|�j_z�l¨r © ±  &Æ £�o¦rEi�wEj_��y�jUnNr�rEuGrEi�j]~?j_l��
z�o`wEj_n�r�o^u�|Go^|gu'wEz�jpwQrEu]j_|�l2~�q^j�rEi�j<�xjUl���{�wEjp��jp|&r�u�k�l2|��'{��
q^l�w<z�o��0r�wEo`~�{�r�o^u�|���u2kQrEi�jZ��w6ls��p�<hLi�jxz�j�r�jUnNrEu�w¤�0jpr�{�yto`|
r�i�j�jp�8y?jpwEo^�xj_|&rEl2q�l�w�jUl]o�����i�u¨£�|�o`|�¾Èo`��� © �
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£Cl'��npl�w�wEo`jUzGu'{�r!u�|Xr�i�je|8{�n�q^o^z�j������8w!l¨r!l�|djpq^j_nNrEw�u'|Xj_|��
jpwE��stu2k ©]¨�� j��Z�ÈÍ ����wElst�0y?j_n�r�wE{�� �xjUl���{�wEj_z�o`|
r�i�o��
j���y?jpwEo`��jp|&r]o��x�0i�u¨£�|©o^|
¾Èo`��� ¨ �
	tjXu�~���jpwE¶�jUz�rEwEl�|���o¦�
r�o^u�|����8|�u¨£�|]kvw�u'�¸y�w�j_¶8o`u'{�����rE{�z�o^j_�Lª  « l��È£�j_q`q�l'�\��jp¶'jpw6l2q
l�z�z�o¦rEo`u'|�l2qVrEwEl�|��0o`r�o^u�|���o^|�r�i�j�w6l2|���j<kvw�u'�ÇÃer�u ©K©�� j��]�
hLi�j<j���y�j_w�o^��jp|&rE�Ll�w�j¤npl�w�wEo`jUz�u�|X£�o¦rEiGrEi�j¤o`|8¶�jU��rEo`�&l¨rEo`u'|
u2k���u�q^s8~?z�j_|8{�� o^��u2rEu�y?j_�G£�o`r�i¥¶l�w�o^u�{��G|�j_{�r�wEu�|®|8{��x�
~�j_wE�_�³hLi�jU�0jGo^|8¶�jU��rEo`�&l¨r�o^u�|��el2o^� r�u³o�z�jp|&rEo¦kvs$j���npo¦r6l¨r�o^u�|

��u�z�j_��l¨r$i�o^��i�j_wtj_|�jpwE��o^j_�³r�i�l�| wEj_l'n6i�j_z¸o^| y�w�j_¶&o^u�{��
�0r�{�z�o`jU�©ª Å « l�|�z¥r�i8{��_��rEu²��j�rd|�j_£ o^|�kvu�wE��l¨r�o^u�|#l2~?u�{�r
rEi�jLy�w�u�r�u'|���|�jp{�rEw�u'|eo`|&rEjpw6l�nNrEo`u'|]l2|�zeo`rE��o^|���{�j_|�n�jLu�|]r�i�j
y�wEu�y?jpw�r�o^j_��u2k�r�i�j�|8{�npq`jUl2w¤��l2|8s&��~?u�z�s³�0s��0r�j_�����8y?j_n�o�l2q
j_�xy�i�l���o^�\o���q�l2o�z�u�|er�i�jL�0jUl2w6n6i¤kvu�wÈjpq^j_n�r�wEo^n�l2|�z���l���|�jpr�o�n
z�o^y?u�q^j��0r�wEjp|���r�i�o^|gl2|�z�l�~�u¨¶'jLr�i�j<w6l2|��'j�u2kVr�i�j�y�l2w�r�o�n�q^j��
��jpy�l�wEl2r�o^u�|©rEi�wEj_��i�u�q�z��_�§£�i�o�n6i}��ls l�q^��u�i�l¶�j�o`��y�q^o�npl¨�
rEo`u'|��Qkvu'w§wEj_l'nNr�o^u�|�w6l¨rEj_�§o`��y?u�w�rEl2|&r�kvu�wQrEi�j<jpq^jp��jp|&r�y�w�u��
z�{�nNr�o^u�|do^|grEi�j�{�|�o^¶�j_wE��j��
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� {�wd�'u'l2q�£Cl'�GrEu��0r�{�z�s²r�i�j�w6l�z�o�l¨rEo`u'|�y�wEu�~�q^jp���gr�i�l2r
l�w�o��0j¤l2wEu�{�|�z�rEi�j�|8{�n�q^j_l�wCy�i&s���o^n_�C~�jUl2� q^o`|�j¤z�{�w�o^|��xr�i�j
y�wEu�z�{�n�r�o^u�|�u2k/|8{�npq`jUl2wQ~�wEjp���E��rEwEl�i�q^{�|�����hLi�o��Q~?j_l��-q^o`|�j
£�o^q`q/~?j¤{���j_zg��o^|Xr�i�j<��w6��rLy�q�l�npj!��kvu�w�|8{�npq`jUl2wCw�jU�0u'|�l2|�n�j
��{�u�wEj_�En�jp|�n�j��mº��!¾���jp�8y?jpwEo^�xj_|&rE�Ll2|�zg�Ql¨r�l]q�l¨rEjpw��0rEl2�'j
�xkvu�wgr�i�j���rE{�z�s²u2kejp�8u�r�o�n�|8{�n�q^jpo<¶8o^l
~�w�j_�����0r�w6l2i�q^{�|����
o^|�z�{�npj_z�y�i�u�r�u�������o^u�|��
��|�u�w6z�jpw<rEudl'����j_�E�<l2q^qQl���y�jUnNrE�<wEj_l�q`o���rEo^n_l2q^q`s'�/£�j�i�l¶'jerEu
r6lS��j¤o^|&r�u�l�n_n�u�{�|'r�lZ¶l�w�o^j�r�sgu2k\y?u'�E��o`~�q^j<~�jUl2� q^u'�E�0jU�Co`|��
i�j_w�j_|&r\o^|er�i�j�l�n_n�j_q`j_wEl2r�u�w�q^ls'u�{�r\l�|�z�u'y�j_wEl2r�o^u�|¤r�u'��jpr�i�j_w
£�o`r�i�r�i�jZy�i8s8��o�np��u�k)r�i�jxy�wEu�z�{�nNrEo`u'|�u2k§��j_npu�|�z�l�w�sXwEl'z�o`�
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o`|�����l���|�jpr�l�|�z r�i�j�~?j_l�� r�{�~?j_��r�u�r�i�j�~?j_l��·z�{���y
ª ± « £�o`r�i l'z�z�o`r�o^u�|�l�q � {�l'z�w�{�y�u'q§q^jp|���j_�]i�l��Z~�j_jp|
o^��y�q^j��
��jp|&r�jUzdo`|&r�uXl���jpu'��j�r�wEsG��q`j�kvu'w�Â¤�§Í�º!h�µ��L��|��0r�jUl�zdu�k
r�i�jenpu�|��0rEl�|&r���l���|�jpr�o�n<��jpq�z�o`|drEi�j]Â¤�§Í�º!hd±�� ¨I© ��o`�Z{��
q^l2r�o^u�|��ÈrEi�j�n�u'��y�q`jpr�jL��l2�'|�j�rEo^n���j_q^z�npl�wEz���ª ¨¨« i�l¶�jC~�j_jp|
{���j_zZo`|xr�i�j�Â¤�§Í�º!h�µ¤¶�jpw6��o`u'|��\¾Èo^��� © ��i�u¨£��\r�i�j�wEj_��{�q`rE�
u2k�rEi�j_��jC��o^�]{�q�l¨rEo`u'|���£�o`r�iZo`|�n�o�z�jp|&r�jp|�j_w��'o`jU��kvwEu�� ¹ � j��
r�u�µ  �� j��]�
��| hÈl2~�q^j © £Cj ��{�����l�w�o��pj}l2|�z npu���y�l�w�j$rEi�j wEj_��{�q`rE�
u�~�r6l2o^|�j_z}~8s Â¤�§Í�º!hd±�� ¨I© l2|�z²Â¤�§Í�º!h�µ�~�j_i�o`|�z rEi�j
~�jUl2�¯~?jp|�z�o`|��²��l2�'|�j�rU� �Cu2r�i n�u�z�j�¶�j_wE��o`u'|��g��i�u¨£ l
w�jUl���u�|�l�~�q^j�l���wEjpjp��j_|'r�l¨r�rEi�j©wEj�kvjpwEjp|�n�j$jp|�j_w��'s�u2k ¨2 
� j��Z�b�8q`o^��i&r�z�o`�?j_w�j_|�n�jU�Zo^|}hÈl2~�q`j © l�w�j�z�{�jXr�u$z�o¦�Vjpw��
jp|&rL~�j_|�z�o^|��xl�|���q^j_�Cl2|�z�r�i�j�rEw�jUl¨rE�xj_|&rCu�k�r�i�j<��l2�'|�j�rEo^n

��j_q^z���hLi�jpwEj�l2wEj!npu�|���o^z�jpw6l2~�q^j�z�o`�?j_w�j_|�n�jU��l2r�q^u¨£�j_wQjp|�j_w0�
�'o`jU��~�{�r!~?u2rEi³�0o^�]{�q^l2r�o^u�|�����i�u¨£¢r�i�l2r�r�i�j]w�j � {�o`wEjp��jp|&r6�
u�kÈl2~?u�{�r!Å> Ê rEwEl�|��0��o�����o^u�|gw6l¨rEj�npl2|�|�u2r�~?j¤kv{�q¦��q`q^j_z�l2r
j_|�jpwE��o^j_�Cq^u¨£�j_w�rEi�l2| ¨� �� j��]�
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Entry beam dump
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Ù'æ2Ö»çpÜíå�Õ6âdÚ^ß0Ù�ë á*/����¤ê��
ä�Üíëx×Uè`ç¨ÖvÜ^Ù�å&äNé
Â¤��Í!º!h¥¶�j_wE��o`u'| �'µ �'± ��µ �'±
npw�s��0r_�Èr�i�o�nX�8|�j_�E� ±&¹�� ±'¹�� ©_ �  � ©U �  �
������Ã � j��   � >   �ÄÃ2½   � ½     �Ä¹�¹
� � �<Å � j��   � Å2µ   � '½   �ÄÃ2±   �íÃ  
����� ©]¨�� j��   � Å&Ã   � Å�µ   � 8Ã   � �½
� � � © ¹ � j��   � Å>   � Å8Ã   � Å'±   � Å ¨
� � � ¨2 v� j��   � Å�Å   � Å'Å   � Å'½   � Å&Ã
������µ  v� j�� © �  �  �   � Å'Å �

�i�)� Ñ_Ò8Ó!ê'ß0ç�å&ä�ë�Üíä�ä�Ü`ÙpåZß0ç2Ö�Õ0ä)Ú�Ùpß�ÖvÛ�Õ�Õ�ì�ÜvÖ\Ù�Ú\ÖvÛ�ÕLâ2Ü Ø?Ùpè^Õ§ë]çNÝ¨Þ
å�Õ�Ö?ã6ç�è`ã_×Uè`ç2Ö�ÕEâ�æ0à�á*/����¤ê��  Ý��!")ç�å�âZá*/����<ê��k���  Ý��!"�é����
â&Õ�Ý�æ�Õ0å�â¨Ü¦å�Ý¤ÜíåZÝ �"!#����â'Õ�Ý8é§æ�Õ0å�â2Üíå'Ý<ÜíåZÝ$�2é

13254htQ8 &'G5RA{UG5Z�H(K>tQ8 |-E0F�?AI�Z��>H(K ,�8 yhGX?AE0G5Z�H(K0|b8 %uzR0BDBCG5Z(K'&V8 &'I�R�(�I�EAEhK0Ps8 } I�E#H]GXBCGXGX��I>KA�08 } IXlmGXB*)jG,+DK
-�. W>H]@*(�@0/XI�H]@CY�E�YR*`I $rR0E<I�{ABCG21'R<I���@Ca3%vY�EAY#=�?0Z]Y4(�I�H]@C=�5Ja Z�IX~�;SY�R>Z]=XGs* Y�Z�6�G5BDB7LMZ�Z�I��0@DI�H]@CY�E0� -
} Z]Y#=XGXG(�>@DE0F���%vY�E#H]G26mI�Z]BCY [�\�\�\76�Y�E * G�Z]GXEA=XG�KUy7@C��{UY�E7K<[�c�ad[�w . =5H(8�[�\�\�\>K<W78C2�[�c

1 [�4x,�8 yhGX?AE0G5Z�H8+-PJE0E>RAI�BoTVGXWUY�Z�H'[�\�\�\SKAt $$& ^`_UTVaMcS2(p>K<PJW>Z]@DB7[�\�\>2�KUW78C2Xx�a]2(p
1 c�49&J8 &)I�R:(�I�EAE
+ - &�G5Z]GX=�?AESRAE0F��0G5�V;SH�Z�I�?0BCRAEAF���RAE#H]G5Z]F�Z]RAE<�>GX�*@CE��0G�Zj,�(�F�G5{ARAE0F��>G5Z';SH�Z�I�?AB * zI�EAF�G�Z

I�Ev�0G5Z';SH�Z�I�?ABCRAE0F��<;#RAG5BDBCGk|-y9&m| - K t $$& ^`_UTVaMc�ejqSK=% zI�Z</s[�\�\>2�8

¨ ½



�²(E
!�0(\���F�§�����!�0��*F
��0��, � �G���!� "$��()� �¥+!�� � �G����� �²(E
!��(È������������1��8��./�©"$��()��*��0�!�
a#4�K�=�>?9�I�@����VA�a 4���;�J�S';'@��VA���4Z��IU:<;'T	��;�A?a#4�adI�>�=�;'@

Í²n6i�l�|�|�jpq^o^|���w6l�z�o^l2r�o^u�|X��¼s�!�È�0u'{�w6n�j§o���~?jpo^|���z�jp¶'jpq^u�y?j_z
l2rx�§�\�L�#o`|
u'wEz�jpwerEu³y?jpw�kvu�wE� ��jUl���{�w�j_��jp|&rE��u�k����L�
¶¨l2q^{�jU�!u�k � {�l���o¦����u�|�u�n6i�wEu���l¨rEo^n<y�i�u2r�u'|���o`|�rEi�j]j_|�jpwE��s
w6l2|��'j�u2k ©_ �
�©U �  ��j�� ª ©p« �E��j_q`o�l2~�q`j!�0r�{�z�o`jU�Qu�kVw6l�z�o`u'~�o`u��
q^u��'o^n_l2q&j��Vj_nNr6��u�|Zq`o^¶8o`|��¤n�j_q`q��È|�jpjUzeo^w�w6l�z�o^l2r�o^u�|]z�u&�0j�wEl2r�jU�
u�k  � ©�
f© Â<s�¬��o^|e£�i�j_w�jCl!��{�ÉGn�o^jp|&r�q^s�q`u¨£©q^jp¶'jpq&u2k�~�l'nX�&�
�'w�u'{�|�z³w6l�z�o^l2r�o^u�|}�my�u'q`s�n6i�wEu���l2r�o�ne~�wEjp���E��rEwEl�i�q`{�|��Xl�|�z
|�j_{�r�wEu�|��E�]o`| r�i�j�j���y?jpwEo`��j_|'r6l2q�l2wEj_l³o^�xwEj � {�o^w�jUz/��hLi�j
~�l'nX�8��wEu�{�|�zej � {�o^¶l�q`j_|&r�z�u&�0jCw6l¨r�jL��i�u�{�q�z]npu�|&r�wEo^~�{�r�jCq^j_�E�
rEi�l2|d¹ Ê r�u]r�i�j<~�o^u�q^u���o�npl�q�jp�?jUnNr_�8o�� j'�)±  �  ����¶�¬¨iGo^|Gr�i�j
£Cu�w6��r�n_l���j<�En�j_|�l2wEo`u�l¨r!lG¼s�#z�u&�0j¤w6l¨r�j¤u�k   � © Â<s�¬��o`|��
hLi�j ~�jUl2� z�{���y¸u2k�r�i�j
jpq^j_n�r�wEu�|#~�jUl2� �0o`r�{�l¨r�jUz o`|��
��o^z�j�rEi�j¤£Cl�q`qVu�k�r�i�j �!l�z�o�l¨rEo`u'|XÁQi8s���o^n_��n_l¶�j!o���lZwEl2r�i�j_w
�0r�wEu�|��t�0u'{�wEnpj�u2k�y�i�u�r�u'| l���£Cjpq^qLl���|�j_{�r�wEu�|©w6l�z�o^l2r�o^u�|
£�i�o�n6i��\r�i�j_w�jpkvu�wEj��\i�l��¤rEu�~�jgj�ÉGn�o^jp|&r�q^s$�0i�o^jpq�z�jUz�rEu³jp|��
l�~�q`je��{�n6i�o`|8¶'j_�0r�o^�'l¨rEo`u'|��¤�m��jpj�¾Èo`��� © ���
Á§w�o^|�n�o^y�l�q`q^s!rEi�j�z�j_��o`�'|�u2k�l�w6l�z�o�l¨rEo`u'|��0i�o^jpq�z�o^|���i�l'�/rEu!~?j
n_l2wEw�o^j_ztu�{�r]npu�|���jpwE¶¨l¨rEo`¶'jpq^s³n�u�|��0o�z�jpwEo^|���r�i�j���u'�0r]n�wEo`r�o`�
n_l2q�n�u'|�z�o`r�o^u�|��_�)� � {�o^¶¨l2q^jp|&r�z�u'��j�w6l¨rEj_�Ll¨r�rEi�j��0{�w0kml'n�j<u2k
rEi�j!~?j_l���z�{��xy�¶'j_�E�0j_q�i�l¶'j�~�j_jp|gn_l2q�n�{�q�l¨rEj_zx�]sx��j_l2|��
u�k � u�|&r�j©¼Cl2wEq`u
��o^�]{�q�l¨rEo`u'|��G{���o^|��
rEi�jt¾�� ����Í npu8z�j
ª ¨« l2|�zgl��E�0{���o^|��ele��l2�8o^�]{��%l¶'jpw6l2�'j�~?j_l��%np{�wEw�j_|'r�u2k
¨ ¹   ��Í®l¨rQl!��l2�8o^�]{�� jpq^j_n�r�wEu�|xjp|�j_w��'s<u�k/¹  �� j��]�2hLi�j
wEj_��{�q`r�o^|��g¶¨l2q^{�jU�<l���u�{�|&r!rEu�¹  �  �8¶�¬¨i�kvu�w<y�i�u�r�u�|���l�|�z
µ   �8¶�¬idkvu'w�|�jp{�rEw�u'|��p�<À�j_|�n�j'��rEi�j]|�j_n�jU���El2wEsgw6l�z�o^l2r�o^u�|
��i�o^jpq�z�o`|��eu2k?r�i�j!jpq^j_nNrEw�u'|Z~?j_l���z�{���y�i�l���rEue�0o^�]{�q¦r6l2|�jp�
u'{��0q^sewEj_z�{�n�jCr�i�jLo^|���{�j_|�n�j�u�k�rEi�j_��jL~�l�nX�8��wEu�{�|�zen�u'��y�u��
|�j_|&rE��~8s�kml�n�r�u'wE�\u2k�r�i�jLu�w6z�j_wÈu�k ©U �� q 
�©U �� y �ÈÍ�����{���o`|��
lXr�j_|&r�i$¶¨l2q^{�j�l¨r0rEjp|8{�l2r�o^u�|�q`j_|��2rEi²�»h)���È�<u2kC±   np� kvu'w
npu�|�npw�jpr�j�ª ± « rEi�o��/£�u'{�q�z¤w�j � {�o`wEj)l�£Cl�q`q2r�i�o�nX�8|�j_�E�/u2k�l2~?u�{�r© � ¨ � £�i�o�n6i�£Cu�{�q^z�wEj_z�{�npj�r�i�jX�0y�l'n�j�kvu'wej���y?jpwEo`��jp|&r6�
npu�|���o^z�jpw6l2~�q^s��
��ls'jpw � l¨r�j_w�o�l2q hLi�o^nX�8|�jU���N¬¨np� Í��È¬2h)���
© ÁQ~ ©_    � µ8Ã
¨ ÁQ~ ½   � ¨ 
± Á�� ] © ¹ © �  � 

Á�� ] ©]¨ © � ¨2 
µ ÁQ~ ½   � ©]¨
¹ Á�� ] ±   � ±  

�8{�� ±�� ±&Ã
�i�)� ÑÒ&Ó �LÖ�Ö�Õ0å�×¨ç2ÖvÜ`Ù�åxè^Õ0å'Ý'ÖvÛ&äQÚ�Ù�ßQå�Õp×�Övß0Ùpå&ä'�*��� �:�

hLi�j���u�wEj�n�u'��y�l�n�r��0i�o`j_q^zGz�j_��o`�'|�j_zGnpu�|���o���r6�Qu2k�l�|Gu�y�r�o`�
��o��pj_z]��l�|�z�£�o�n6ie��rEw�{�n�r�{�wEj§u�k8r�i�jL�0i�o`j_q^z�o^|���£Ll2q^q'npu�|&rEl�o`|��
o^|�����jp¶'jpw6l2qQq�ls�j_wE�¤u�k�z�o¦�VjpwEjp|&r]��l¨rEjpwEo^l�q^�e£�i�jpwEjGi�o^��i����
j_q`j_�xj_|&rE�§l�~���u�wE~]rEi�j�y�i�u�r�u�|��Ql2|�zxq�ls�j_wE�)npu�|&rEl�o`|�o^|��¤i8s&�
z�wEu��'jp|�j�j��Vj_n�r�o^¶�jpq^s<r�i�j_w���l�q`o��pj§r�i�jC|�jp{�r�wEu�|]��y�jUnNrEw�{�� rEu

w�jUl�n6i]l�q^l�w��'j§w6l¨rEj§u2k�|�jp{�rEw�u'|Zn_l2y�rE{�w�j'���8{�npn�jU����o^¶�jpq^s��rEi�j
����wEls��L~?jpo^|���jp��o`r0rEj_z³z�{�w�o^|���|�j_{�r�wEu�|�npl�y�r�{�w�j�wEj_l'nNr�o^u�|
�vj�� ��� ¨ � ¨K¨ � j�� l¨r ] À<��i�l¶'jXrEu$~�j�l�~���u�wE~�jUz ~8s
rEi�j
u�{�rEjpw���i�o`j_q^z�o`|�����l2r�jpwEo�l2q��p�
hLi�jC�El2|�z�£�o^n6iZ��rEw�{�n�r�{�wEj�n6i�u'��jp|eo��È��o^¶�jp|�o^|ZhÈl2~�� © ��¼Cl2q`�
n�{�q�l¨rEo`|���r�i�jC��l'n�wEu'�En�u�y�o^nQl2r0rEjp|8{�l¨rEo`u'|Znpw�u&���È�0jUnNrEo`u'|��\kvu�w
r�i�j�q^ls'jpw6��u�|�j�u'~�rEl�o`|�j_�)rEi�j!y�l2w�r�o�l2q�l2r0r�j_|8{�l¨rEo`u'|�q`j_|��2rEi��
�mÍ!�È�Ckvu�w�|�jp{�rEw�u'|XwEjp��u¨¶¨l2qVo^|�{�|�o¦r6��u2k)h)���®�»h\l�~�� © ���
�\ls�j_w � l¨rEjpwEo^l�q hLi�o�nX�8|�j_�E�6¬2n�� Í!��¬¨h)���
© Á§~ ¨1¨ ±�� ½'¹
¨ Á§� ] ¨ Ã   � © Ã

��{�� ±��  ¨
�i�)� Ñ���Ó �LÖ�Ö�Õ0å�×¨ç2ÖvÜ`Ù�åZè^Õ0å�Ý&ÖvÛ&äQÚ�Ùpß)Ø�Û�Ù¨Ö»Ùpå'ä'� ���

hLi�j!n�u'w�wEj_��y?u�|�z�o^|��<o`|&rEjp��w6l2q�Í��dkvu�w§y�i�u2rEu�|�l¨r�r�j_|&{�l¨r�o^u�|
l2wEjt�'o`¶'jp| o`|#h\l�~�� ¨ � ��s¢�0{�����o^|��²{�y#u2k]rEi�j$y�l2w��
r�o�l2q�Í!�¥¶l�q`{�j_�xu�|�j�npl�|
jp¶¨l2q^{�l2r�jGrEi�jdl¨r0rEjp|8{�l2r�o^u�|©kml'nN�
r�u�w6��kvu�w�rEi�jLn�u���y?u�|�j_|&rE��u�k�~�l�nX�8�'w�u'{�|�z<wEl'z�o�l¨r�o^u�|�£�i�o^n6i
l2��u�{�|&rLr�u ©�� ¹ZÌ ©U �� y l�|�zXµ � ±]Ì ©_ � y kvu�w�y�i�u�r�u'|��Ll2|�z
|�jp{�rEw�u'|��_��wEj_��y�jUnNrEo`¶'jpq^s��L��|³wEj_��{�q¦r�j � {�o^¶l�q`j_|&r�z�u'��jew6l¨rEj_�
u2k�Ã2¹X� �8¶�¬i
l�|�z © ÃX� �8¶�¬i©l2wEj�u�~�r6l2o^|�j_z$~?jpi�o`|�z�rEi�j
wEl'z�o^l2r�o^u�|���i�o^jpq�z®u2k¤r�i�j�~?j_l2�¯z�{��xy¥£�i�l¨r�jp¶�j_|&r�{�l�q`q^s
y�w�u¨¶8o�z�j_�Xl©rEu2rEl�q�~�l�nX�8��wEu�{�|�z}j � {�o`¶¨l�q`j_|'rdz�u'��j�w6l¨rEj³u2k
Å ¨ � �8¶�¬i®l2|�z}��j_j�rE��r�i�j�l�~�u¨¶'j�z�j�rEjpwE�xo^|�jUz²w�j � {�o`wEj��
�xj_|&r_����r¤�0i�u'{�q�z/��i�u¨£�j_¶�jpwU��~?jpj_|�|�u2rEj_zdrEi�l¨r¤l�z�z�o`r�o^u�|�l2q
~�l�nX�8��wEu�{�|�zdwEl'z�o�l¨r�o^u�|tn�u���y?u�|�j_|&rE�<jp��jpwE��o^|��gkvw�u'�Ç{�|��
l¶�u�o�z�l�~�q`j�~?j_l�� q`u&����j_��l2q^u�|���rEi�j]j_q`jUnNrEw�u'|dr�w6l2|��0kvjpw�q`o^|�j
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rEw�u'|����0o^��y�q`s}~8s$r�i�j_o`w�rEo`��jdu2k�l2wEwEo`¶¨l2q��}Í ��w6�0r�n_l2q�n�{��
q�l¨rEo`u'|³u2k)rEi�j]|�j_{�r�wEu�|³��{���l¨r¤lgz�o��0rEl2|�n�j]u�k§±�� ½�� u�|�q`s
£�o`r�i©rEi�j�q`jUl�z$~?jpwEs&q^q^o`{�� w6l�z�o^l2r�u�w]|�jp�'q`jUnNr�o^|���l�q`qCu2rEi�jpw
npu�|��0r�wE{�nNrEo`u'|�l2qxn�u'�xy?u�|�jp|&rE�ts8o`j_q^z��$l¥|�jp{�rEw�u'|¸��{�j_|�n�j
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w6l2|��'jgu�k!r�i�j��xjUl���{�wEjp��jp|&r�z�j�rEjpwE�xo^|�jU�]rEi�j���l¨��o^�]{��
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hLi�jGn_l2q�n�{�q�l¨rEj_z�|�j_{�r�wEu�|�o`|&rEjp|���o¦r�s�l¨r�rEi�j�rEl�w��'j�re�0i�u¨£��
rEi�l¨r�r�i�jpwEj�o��)l!{���l�~�q`jCjp|�jpwE��s¤wEl�|���j�kvwEu�� l2~?u�{�r�½'½   ��j��
{�ydrEug½ � j��]�Vh�u�o^|�n�wEj_l'�0j<rEi�je|�j_{�r�wEu�|�o^|&r�jp|��0o`r�s�l�~�o`���
�'jpw�w6l�z�o�l¨rEu�wLo^�L{�|�z�jpw�z�o^�En�{�����o`u'|��
Í²wEu�{��'i]jU��rEo`��l¨rEo`u'|Zu�k�rEi�j�jp|�j_w��'s�w�jU�0u'q`{�r�o^u�|Zl2r)r�i�jCr6l2w��
�'j�rZy?u'��o`r�o^u�|©kvu'wZl2|
l'����{���j_z z�j�rEj_nNrEu�w]r�o^�xjXw�jU�0u'q`{�r�o^u�|
u�k]±  �  y��Xy�wEu¨¶8o^z�jU��¶¨l2q^{�j_�gu2kel2~?u�{�r��x�C¬2���   � µ Ê kvu'w
� � ��± � j��#kvu�w�lxw6l�z�o�l¨rEu�w�z�jpy�r�idu2k � a �t¹�� ½����d�º!{���jpwEo^n_l2q8npl2q�n�{�q^l2r�o^u�|���u2k8r�i�j�r�j_��y�j_wEl2r�{�wEj§z�o���rEw�o^~�{�rEo`u'|
o^|xr�i�jLw6l�z�o�l¨rEu�w��0jUnNr�o^u�|Zy�wEj_z�o�nNr)��l¨��o^�]{��¸rEjp��y?jpw6l¨r�{�w�jU�
u�k!Å  � )Æ ¼-l¨r]rEi�jG��u�q^s8~?z�jp|8{�� £Cl�q`q�l��E�0{���o^|���ld��j_l�|
¶'jpq^u8npo¦r�sdu�k§l2~?u�{�re¹È�g¬¨�<l2|�z³r�jp��y?jpw6l¨rE{�w�jZu2kQµ  � QÆ ¼¢u2k
rEi�jXq^j_l'z©��u¨£ l2r]rEi�jXo^|�q^j�r�u2k�rEi�j�wEl'z�o^l2r�u'w]�0jUnNrEo`u'|��©Í
��j_l�|GrEjp��y�j_wEl2r�{�wEj!u�k�µ8Ã  QÆ ¼�o���u�~�r6l2o^|�j_z�o^|GrEi�j<q`jUl�zGl2r
rEi�j�u�{�rEq`jpr�u2kÈr�i�j�w6l�z�o^l2r�u�wL��j_nNrEo`u'|��
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��y�jUnNr�r�u�rEi�j]~?jpi�l¶8o^u�{�w�u2k�r�i�j]��l¨rEjpwEo^l�q^��l'��£Cjpq^q\l'��r�i�j
i�l�|�z�q^o`|��dl�|�zto`|��0r�wE{���jp|&r6l¨r�o^u�|tu2k�r�i�j�q^u&u'y���hLi�jxkml�n�o^q`�
o`r�s £Ll��x��l2|8{�kml'nNr�{�w�jUz ~8s
rEi�j���|��0r�o`r�{�rEj�u2k�ÁQi8s��0o�np�xo^|
��o^�'l���hLi�j���l�o`|$n�u'��y�u'|�jp|&rE�¤u�k§rEi�j�q`u8u'y�l�w�j�l2|�jpq^j_n��
rEw�u'��l���|�jpr�o�n��m� � �§o^|�z�{�nNr�o^u�|dy�{��xy���lxi�j_l2rLjp��n6i�l2|��'jpwU�
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kml'nNr�{�w�jUzekvwEu��¸�0rEl2o^|�q^j_�E����rEjpjpqo�o��± © ½'�Q�Í}r�w6l�z�o`r�o^u�|�l�q�� �
o^|�z�{�n�r�o^u�|Gy�{���yGo^��~�l'�0jUz�u�|Glenpu�|����'{�w6l¨r�o^u�|�u�k�±¨��y�i�l���j
£�o^|�z�o^|��'��rEuZ�'jp|�j_wEl2r�j!l]r�w6l¶�j_q`q^o`|��e��l2��|�j�r�o�n���jpq�zG£�i�o�n6i
z�wEo^¶�j_�)r�i�j���u¨£��ÈhLi�j�� � o^|�z�{�n�r�o^u�|�y�{���y�wEj_l�q`o��0jUzxi�jpwEj
{���j_��ltwEu2rEl2r�o^|��$�0s��0r�jp� u�k�y?jpwE��l2|�j_|'r���l2�'|�j�r6�Zr�u�o`|��
z�{�n�j�r�i�j$l2q`r�j_w�|�l¨r�o^|��}��l���|�jpr�o�n³��jpq�z/� Í!z�¶¨l�|'r6l2�'j_�Xu2k
rEi�o^�Gy�{���y®n�u�|�n�jpy�rgl2wEjgrEi�j³l2~���jp|�n�jdu2k<£�o`|�z�o`|��&�p��r�i�j
npu���y�l�n�r�|�jU���_�r�i�j�wEu�~�{���r�l2|�z]y�w�u'y�j_w\npu�|��0r�wE{�nNrEo`u'|��\hLi�j
q^u8u�y$o^�]z�j_��o`�'|�j_ztrEu�u�y?jpw6l¨r�j�l2r]ldy�w�jU����{�wEjZ{�y$r�u³½�~�l�w
l�|�zXlx��l¨��o^�]{�� ��u¨£¥w6l¨rEj<u�k   � ¨ qv¬¨�_�)hLi�o^��npu�wEw�jU�0y?u�|�z��
rEuGl���l2��o`�Z{�� ¶'jpq^u8npo¦r�sXu2k)½�� µ)�g¬¨��o^|�r�i�jew6l�z�o^l2r�u�w���j_n��
rEo`u'|���hLi�jZi�j_l2r�jp��n6i�l2|��'jpw�rEwEl�|���kvj_wE��r�i�jZi�j_l2r!kvwEu��Çr�i�j
q^o � {�o�z³��jprEl2q\r�i�w�u'{���i³l�|³o`|&rEjpwE�xjUz�o�l¨r�j]��{�o�z��L��r6l2��|�l2|&r
u'o`q�npu�q^{���|g��r�u�lx£Ll¨r�j_w�n�o^wEnp{�q^l2r�o^u�|��0s��0r�jp�d�)hLi�j � {�l2|��
rEo¦r�sZu2k?r�i�jLrEwEl�|���kvj_w�wEj_z]i�j_l2r§npl�|Z~?j�n�u'|'rEw�u'q`q^j_z]~8ser�i�j�u�o^q
q^jp¶'jpq)o^|trEi�j�i�jUl¨r�j���n6i�l�|���j_w_�xhLi�j���l¨��o`�Z{�� y?u¨£�j_w¤u2k
rEi�j�i�j_l¨rLj���n6i�l�|���j_wQo���l�~�u'{�rL±   �<	¸� © ½)hLi�jpwE��u8npu�{�y�q`jU�
l�w�j<{���j_zgr�u���u�|�o`r�u'w�rEi�j<r�j_�xy?jpw6l¨rE{�wEj<u�k�rEi�j¤q`u8u�y���hLi�j
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hLi�j�q^j_l�z�npu¨¶�jpw)o��)wEj � {�o^w�jUzZkvu�wQwEj_l'�0u'|��Èu2k/wEl'z�o�l¨r�o^u�|xy�wEu2�
r�jUnNr�o^u�|��s���0o^|���r�i�jey�l2w�r�o�n�q^j¤r�w6l2|��0y?u�w�r!n�u�z�je¾�� ����Í
ª ¨«
r�i�jLz�u&�0j�j � {�o^¶l�q`j_|&rÈw6l¨rEjQkvu�w�|�j_{�r�wEu�|��\l�|�zey�i�u2r�u'|��È£�j_w�j
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hLi�jXo^|�npo^z�j_|&rxj_|�jpwE��s$o��xz�jpy?u'��o¦rEj_z
o^|}lt�0i�u�w�r]r�o^��j��C�0u
r�i�l2r<rEi�jxi�j_l2r<�'jp|�j_wEl2r�o^u�|³£�o^q`q�jp�8i�o`~�o`r�lXnpu�wEw�jU�0y?u�|�z�o`|��
r�o^�xjLz�j_y�j_|�z�jp|�n�j���hLi�j_w�jpkvu�wEj��o¦r�npl�|ey�u�r�j_|'rEo^l�q`q^s¤y�wEu¨¶&o�z�j
�0y�l2r�o�l2q�o^|�kvu'w���l¨rEo`u'|��2j'� ���\u'|ZrEi�j!z�o��0r�wEo`~�{�r�o^u�|�u2k/l¤��j�rEl�q
�0y?j_npo`jU��o`|�rEi�je��l���y�q`j'�

ÎQÏ^Ð�Ñ���Ó!ê&à'Ø8Ü^ãEçpè�ä�Õ�ÖmÞ�×pØgÙ�Ú�çpå�Ô #Èá}Õ�ì¨ØVÕ0ß�ÜíëZÕ0å�Ö�é
hLi�jXnpu��]~�o`|�l2r�o^u�|$u2k�i�o`�'i©~�w�o^q^q`o�l2|�npjgl2|�z$y�{�q��0jXwEl2r�j�u2k
r�i�j�n�u'i�jpwEjp|&rÈq`o^��i&rQ�0u'{�w6n�j�l�q`q^u¨£���r�i�j�l2y�y�q`o�npl2r�o^u�|eu�k�|�u'|��
q`o^|�j_l�w���j_npu�|�z8��u�w6z�j_w�r�jUn6i�|�o � {�j_�!��{�n6i�l'�!��{��Çkvw�j � {�jp|�nps
��jp|�jpw6l¨r�o^u�|²�M��¾\Â��N���8o`|�n�j�r�i�o^�el�y�y�q^o^n_l¨rEo`u'|to���wEj_�0r�wEo^n�r�j_z
r�u��xjUz�o�l³q�l�nX�8o`|��³o`|8¶'jpw6�0o^u�|
��s8�x��jpr�wEs��)o`rxo��]u�k���y�jUn�o�l2q
o`|&r�j_w�jU��rXkvu�wXo`|&r�j_w0kml'n�j��0r�{�z�o`jU�G£�i�j_w�jt�0{�n6i¢�0s8����j�r�wEo^j_�
l2wEjG~�wEu>��j_|��m¾Èo^���t±&�N����jUnpl�{��0j�u�k�o¦r6�]o^|�i�j_w�j_|&rx��{�w0kml'n�j
�0j_|��0o`r�o^¶8o¦r�sgr�i�o��LrEj_n6i�|�o � {�jez�o^w�jUnNrEq`sX�xjUl���{�wEj_��r�i�j�¶8o^~�w6l¨�
r�o^u�|�l�q��0y?j_n�r�wE{���u2kV�xu'q`jUn�{�q^j_�§l¨r§l2|�o^|&r�jpw�kml�npj�¬¨±8¬8��¼�u'|��
r�wEo`~�{�r�o^u�|��¤u�k�rEi�j�~�{�q �tl2wEjx|�u2r�y�wEj_��jp|&r�o`|tr�i�jG�0y?j_n�r�w6l��
��o^|�z�o^|��¤��rE{�z�o^j_�Èu2k��xjprEl�q&npu���y�q^j���j_�Èl¨r���o`|�j_wEl�q&��{�w�kml�npj_�
£�o`q^q�~?jLkvj_l���o^~�q`j�{�|�z�jpw§|�l¨rE{�wEl�q�n�u'|�z�o`r�o^u�|���o^|�l2|�l � {�jpu'{��
�xjUz�o^{��d�QÍ��0y?j_npo^l�q�n6i�l�q`q^jp|��'j�£�o`q^q�~?j�rEi�j!l2y�y�q`o�npl2r�o^u�|�u2k
��¾\Â®r�u¤~�o^u�q^u���o�npl�q�o^|&r�jpw�kml�npj_�Èj�� ���Èq^o`y�o�zZ�xu'|�u�q�ls�j_wE���0j_w�¶&�
o`|��©l'�Z��u�z�j_q��0s��0r�jp���xkvu'wZrEi�j³z�jUz�{�nNrEo`u'|}u�k�y�wEu�n�jU����j_�
u8n_n�{�wEwEo`|��xu�|�npjpq^q��0{�w�kml�npj_�_�
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Á�u'��o¦rEw�u'|¥Í�|�|�o`i�o`q�l¨rEo`u'|¢o���l�y�u¨£Cjpw�kv{�q¤��j�r�i�u8z¢kvu'wXrEi�j
n6i�l2w6l�n�r�j_w�o��_l2r�o^u�|©u2k¤|�l�|�u2���0o��pjUz z�jpkvj_n�rE��o^|���l�|&s
��jpq�z��
u2k���l¨rEjpwEo^l�q^�³�En�o^jp|�n�j��¿hLi�j
��j�r�i�u8z i�l���~�j_jp|¸j_�0rEl�~��
q`o���i�j_z®u¨¶'jpw�rEi�j�q^l'��rXr�i�wEjpj�z�j_n_l�z�jU��ª ©�« � �!��{�l�q`q^s���o^��u2�
r�u'y�o^ney�u&�0o`r�wEu�|���u�{�w6n�jU�p����{�n6i³l'� ^#^ º!l�l�w�j]{��0jUzdo`|���u&��r
q^l�~��e£Cu�wEq�z�£�o^z�j��thLi�jXz�o���l'z�¶¨l2|&rEl���jGu�k�q^l�~�u'wEl2r�u'w�sto^��u2�
r�u'y�jC�0u'{�wEnpj_��o^��r�i�jCwEjpq�l¨r�o^¶�j_q`s¤����l�q`q&|8{��]~?jpw\u2k�y?u'��o`r�wEu�|��
w�jU�0{�q¦rEo`|���o^|dwEl2r�i�j_wCq^u�|�����y?j_nNrEwEl�l'npn�{��]{�q�l¨rEo`u'|grEo`��j_�_�
Í¡|�j_£¡l2q`r�j_w�|�l2r�o^¶�j®o��
rEi�j¥y�q^l�|�|�j_z o`|&r�j_|���j�y�u&�0o`r�wEu�|
�0u'{�w6n�j��§Á � ���m�§�\�L�
Á � ��o¦rEw�u'| �8u�{�w6n�j�È£�i�o�n6iGo^�§~�l���j_z
u�| y�l2o^w�y�wEu�z�{�nNrEo`u'|¥kvwEu��¡r�i�j©~�wEjp���E��rEwEl�i�q^{�|���u2k]rEi�j
y�wEo`��l2wEs������L�¥j_q`jUnNrEw�u'|�~?j_l��d�ghLi�o���jpq^j_n�r�wEu�|©����º�Í!¼
�vµ  �� j��Z��{�ydrEuGµ   �A	¥��i�l���l�£�u'w�q�z�£�o�z�j�{�|�o � {�j�rEo`��j
��rEw�{�nNr�{�w�j¤£�i�o�n6iXo���£Cjpq^q��0{�o¦rEj_zXkvu�w�l�q`qVrEj_n6i�|�o � {�j_��u2k�rEi�j
y�u&�0o`r�wEu�|³l�|�|�o^i�o^q^l2r�o^u�|³��y�jUnNr�wEu'�En�u'y8s��)	®i�o^q`jZ�xu&��r�u2r�i�jpw
����º�Í!¼C��i�l¶�j¤wEjpy?j�rEo¦rEo`u'|�w6l¨rEj_�Lo^|�r�i�jeu'wEz�jpwLu2k ©_  q � � ] �
r�i�j�r�o^��j��0r�wE{�nNrE{�wEj�u2k]�����L� n_l2|�~?j�l'z�u�y�r�j_z®r�u
rEi�j
{���jpw�z�jp��l2|�z��xo`|²l�£�o�z�j�wEl�|���j'�©hLi�jdo`|�z�o`¶8o�z�{�l2qLj_q`jUnN�
r�wEu�|�~�{�|�n6i�j_�Li�l¶'j<lxq^jp|���r�idu2kÈu�|�q^sglZkvjp£ y�o�n�u'��j_npu�|�z��p�
l2|�z}rEi�j³wEjpy?j�r�o`r�o^u�|�rEo`��j³o��Go^|�r�i�j³|�l2|�u&�0jUn�u�|�z w6l2|��'j��
¾Èo`��� © o^q`q^{��0r�w6l¨r�jU��r�i�j¤y�wEj�kvj_w�wEj_z�rEo`��j��0r�wE{�nNrE{�w�j<£�i�o�n6iXo��
l2q��0ut{���j_z$kvu'wxo^|�kvw6l2wEj_z$kvwEjpjp��j_q`jUnNrEw�u'|©q^l'�0j_wZjp�8y?jpwEo^�xj_|&rE�
l¨r��§�\�L���

primary e
pulse width
5 ps

-

10 e per bunch
60 moderated e

8 -

+

13*10
bunches/s

6

10 moderated e
9 +77 ns

(adjustable)ÎQÏ^Ð?ÑUÒ8Ó ê?ÜíëZÕ�ä6ÖvßN×ãpÖ�×Uß�Õ�ÙpÚGÖvÛ�ÕXØ�ß�Üíë]çpßmà / �r��/ÇÕ�è�Õ�ãpÖvß0Ùpå
æ�ÕEç�ë Ú�ÙpßGÖvÛ�Õ�Ù6ØVÕ0ß0ç2ÖvÜ`Ùpå ç�ä�/-,J"QÔ�é�ê?Û�Õ�Üíå�Ö�Õ0å'ä�ÜvÖvÜ^Õ0äxã6Ù�ß�ß�Õ�Þ
ä�Ø?Ù�å�â�Ö»Ù<ç�Ø�ß�Üíë]çpßmà�æ�ÕEç�ë Ø?Ù�+�Õ0ß�ÙpÚp���k. ��é
�!{�j#r�u�r�i�o��®{�|�o � {�j r�o^��j ��rEw�{�nNr�{�w�j'��r�i�j¸�'jp|�j_wEl2r�jUz
y�u&�0o`r�wEu�|���npl2|¸z�o^wEj_nNrEq`s¢~�j {��0jUz¢kvu�w³y?u'��o¦rEw�u'|#q`o`kvj�rEo`��j
�0y?j_n�r�wEu'�En�u'y&s'��hLi�j§q^u¨£�w�j_y�jpr�o`r�o^u�|ew6l¨rEj§l¨r�u�r�i�j_w\����º!Í!¼C�
w�j � {�o`wEj_��r�i�j_w�jZr�i�jZ{���j]u�k�lgÁ�j_|�|�o^|��GrEwEl�y�r�uXkvu�wE�Ç��w6��r
u2k¤l2q^q�l©n�u�|&rEo`|8{�u'{��x~�jUl2�·£�i�o^n6i}r�i�j_|²�]{��0rG~�j³n6i�u�y��
y�j_w�jUz³l2|�z�~�{�|�n6i�j_zdrEugu�~�rEl2o^|³lGy�{�q^��j_z³y�u&�0o`r�wEu�|³~?j_l��
£�o¦rEi³l�z�j � {�l¨rEj�rEo`��j]�0r�wE{�n�r�{�wEj��§hLi8{��_��z�o`wEj_n�r�{��0j�u�k\rEi�j
�§�\�C�¥r�o^��jG��rEw�{�nNr�{�w�j�o��el2|�o`��y?u�w�rEl�|'r]l'z�¶¨l2|&rEl���j�l2|�z
£�o`q^q�kv{�w�r�i�jpw§o^��y�wEu¨¶�jCr�i�jLrEo`��j�wEj_��u�q^{�rEo`u'|�l�|�zZr�i�j!o`|&r�j_|��
�0o`r�sGu�k\rEi�j�y�u&�0o`r�wEu�|��0u'{�w6n�j��
hLi�j]y?u'��o`r�wEu�|³n�u'|8¶�jpw�r�j_w�o^��y�q�l2|�|�j_zdrEuG~�jZ��l�z�j]kvw�u'�Çl
��r6l�nX��u2kU	 y�q�l¨r�jU��£�i�o�n6iel2wEj§z�o^wEj_nNrEq`s<£Ll¨r�j_w�n�u8u'q`jUz/�\hLi�o��
jp|���{�wEj_�VrEi�l¨r�r�i�jQj_q`jUnNrEw�u'|<~?j_l��¢u�k�l�y�u¨£Cjpw/u�k ©_  �<	 npl2|
~�j<kvu�n�{��0jUzGrEuxl���y�u�rL����l2q^q`j_w�rEi�l2| ©_  ��� o^|�z�o�l2��jpr�jpwU�
hLi�j!j_q`jUnNrEw�u'|G~�jUl2� z�{��xyX£�o`q^q?~�j¤leq�l2wE��j'�'£Ll¨rEjpw���npu&u'q`jUz

Í!q�~�q^u8nX�V�¥hLi�jpwEj�£�o`q^q�~?j�l2|�o`|�|�jpwgl�|�z²l2|²u�{�r�jpwg£Cl2�
rEjpw�n�u8u�q^o`|���npo`w6n�q^j��©hLi�jX����y?u'��o¦rEw�u'|
n�u�|8¶'jpw�r�jpwxl2|�z
r�i�j
��u�z�jpw6l¨rEu�w¤o�����l�z�j�kvwEu�� Á)reu�w�	 kvu'o`q��p�Èl2|�ztrEi�jg��q`u¨£
y?u'��o¦rEw�u'|��¤l2wEjZjp�8r�w6l�nNrEj_zty�j_w�y?jp|�z�o^np{�q�l2w¤r�u�rEi�j�jpq^j_nNrEw�u'|
~?j_l����LhLi�j�~?j_l�� £�o^q`q\~�j]j��8r�w6l�n�r�j_zXkvwEu��Çnpl¶�j ©1©K© ~�rEu
rEi�j]y?u'��o¦rEw�u'|�q^l�~�£�i�o�n6i³£�o`q^qÈ~�jx�0o`r�{�l2r�jUz�u�{�r6�0o�z�jZu2k�r�i�j
npu�|&r�wEu�q�l�w�jUl¤~�{�r§o^|���o^z�j�r�i�j��§�\�L�$i�l2q^q»��hLi�j�j��8r�w6l�n�r�o^u�|
rE{�~�j�wEj_l�q`o��pjU��lx��l���|�jpr�o�n<��{�o�z�l2|�n�j¤r�i�w�u'{���idl2|dl2q^w�jUl�z�s
jp�8o��0r�o^|���npl2~�q`j<r�{�|�|�jpq��
Í!| o^|�|�u¨¶¨l¨rEo`¶'j}z�jpr�j_n�r�u'w���s���rEjp� o���y�q�l2|�|�j_z £�i�o^n6i-o^�
npu���y�q^j�r�j_q`s�z�o^��o`rEl2q��Lo»� j��¥r�i�jtl2|�u�z�j�y�{�q^��j�u2k<r�i�j�y�i�u2�
rEu��]{�q¦rEo`y�q^o^jpw]l�|�z³rEi�jGu'{�r�y�{�rey�{�q��0j�u�k�rEi�jgÂ<jGz�j�rEj_n�r�u�w
y�wEj_l���y�q`o`��j_w]£�o^q`q�~�jdz�o^w�jUnNr�q^s$z�o`�'o¦rEo9�_j_z©~8s$l2y�y�w�u'y�w�o�l¨rEj
z�o^��o`r�o��pj_w]ÁC¼-n_l2w6z��p��hLi�j_w�jXl2wEjGl�q`u�r]u2k�l'z�¶¨l2|&rEl���j_�eu2k
rEi�jez�o^��o`rEl2q�z�j�r�jUnNrEu�w���s8�0r�j_� �

� |�ux��u'w�j¤l�z)��{���r6l2~�q^j¤jpq^j_nNrEw�u'|�o�n<npu���y?u�|�j_|�j�r6���m��{�n6i
l'�!¼C¾ z�o��En�wEo`��o^|�l¨rEu�w6�Cl�|�z�h\Í!¼C�6�

� jUl���s�w�j_��u2r�j�npu�|&r�wEu�q/¶8o�lZo^|&r�j_w�|�jpr

� jp�8r�wEjp��jpq^s
j_l'�0s©wEj_l�q`o��_l2r�o^u�|}u2k<l$npu�o^|�n�o�z�jp|&r�wEjp��o��0�
rEwEl2r�o^u�|xu2k?~�u�r�i�l2|�|�o`i�o^q�l¨r�o^u�|Z� � {�l2|&r6l�£�o`r�i�u�{�rQl2|8s
l'z�z�o`r�o^u�|�l�q/jpq^j_n�r�wEu�|�o�n¤n�u���y?u�|�j_|&rE�

� rEi8{��p�¨jp�8r�wEjp��j§~�l'nX�8��wEu�{�|�z¤wEj_z�{�nNrEo`u'|]l2|�zeo`��y�wEu¨¶�jp�
��j_|'r�u�k�rEo`��j¬¨jp|�j_w��'sGwEj_��u�q^{�r�o^u�|

hLi�jgq`o`kvj�rEo`��jX��s���rEjp� £�o`q^q�~?jgnpu�|��0r�wE{�nNrEj_z$l��Zl2|$�]{�q¦rEo¦�
z�jpr�jUnNr�u'w�l2wEwEls�u2k © ½�z�j�rEj_nNrEu�w6�p�Z¾\o^��� ¨ ��i�u¨£��<u�|�jxu2k)
npu�o^|�n�o�z�jp|�n�j�n6i�l2|�|�jpq��L£�i�o�n6i�npu�|���o^�0r�u2kÈr�£�u�z�jpr�jUnNr�u'wE�_�
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hLi�j�q^o¦kvjpr�o^�xj�o��]rEi�jp|}��j_l���{�wEj_z©l'�erEo`��jdz�o¦�VjpwEjp|�n�jg~?j��
r�£Cjpj_|�r�i�j��§�\�L�®��l�n6i�o^|�jey�{�q^��jxl�|�z�u'|�jeu2k§r�i�j]r�£�ug�
� {�l�|'r6ld�vi�o^��i���w6l¨r�j�Qu'wL~�u�r�iX� � {�l2|&rEl��mnpu�o^|�n�o�z�jp|�n�j¤q`o`kvj��
rEo`��j!��y�jUnNrEw�{��G���ÈhLi�o��)o��Q�En6i�jp��l¨rEo^n_l2q^q`se��i�u¨£�|xo`|�¾Èo^����±��

77 ns

delay

machine
pulse

detector 1
detector 2

Single sweep in digitizer
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��jU�0o�z�j�rEi�j!q^o`kvj�r�o^��j���s���rEjp�d�'��Á � �Z£�o`q^q���l>��j�{���j�u�k?rEi�j
�xu'��jp|&r�{��´r�jUn6i�|�o � {�j_�_�Lo»� j��¢r�i�j���u�y�y�q`j_wg~�wEu'l'z�jp|�o`|��
n�u�o^|�npo^z�j_|�n�j���y?j_nNrEw�u&��npu�y8s]l�|�z�Í � � ¼¥�ml���j�����u���jp|&rE{��
n�u�wEwEjpq�l¨r�o^u�|?�Zª ©�« � ��o`|�npj�r�i�jGw�j � {�o`wEj_z�n�u'{�|&r]w6l¨r�j�u�kCrEi�j
Â<j!z�j�rEj_n�r�u�w6��{���j_zZkvu�w�rEi�j_��j�rEj_n6i�|�o � {�j_��o��)�Z{�n6i��0��l2q^q^jpw
n�u���y�l�w�jUz�rEuXrEi�j�q^o¦kvjpr�o^�xjG��y?j_nNrEw�u'��j�r�j_w_�\l2|$l�z�z�o`r�o^u�|�l2q
n�u�|8¶'jp|&r�o^u�|�l�q ^�^ º!lg�0u'{�wEnpj�£�o`q^qÈ~�jZo`|�npq`{�z�j_z³��u�r�i�l¨r!rEi�j
�!u'y�y�q^jpw���j_l'�0{�wEjp��j_|'r6��n_l2|t~�j�z�u'|�jxz�{�w�o^|��Xr�i�j�~?j_l��
~�w�jUlS���_��o»� j��Gz�{�w�o^|���r�i�j�y�j_w�o^u�z��¤£�i�jp|�rEi�jG�§�\�C� j_q`jUnN�
r�wEu�|�~�jUl2� ��jpwE¶�jU�Cu2r�i�jpw�j���y?jpwEo`��j_|'r6�p�
hLi�j��§Á � �]��s���rEjp� £�o^q^q�~?j�n�u�|���rEw�{�n�r�jUzxl�|�zx��l2o^|'r6l2o^|�j_z
~&s�r�i�jd¼ � Í)h�u2kLr�i�j��!|�o^¶�jpw6��o¦r�s�À!l2q^q^j³��¼ � Í)h � ��|��
r�jpw6z�o���npo`y�q`o^|�l2wEs ��n�o^jp|&r�o`��nd¼�jp|&r�j_w]u2k � l2r�j_w�o�l2q�����npo`|�n�jU���
hLi�jg��s8�0r�j_� £�o^q`q�~�jgu�wE�'l2|�o^��j_z�l��eld{��0j_w0��z�j_z�o^n_l¨r�jUztkml¨�
n�o^q`o`r�s���hLi8{��_��o`r�£�o^q`q\~�jZu�y?jp|dkvu'w!l2|8s�o`|&r�j_w�jU��rEj_z�{���jpw�o`|
w�jU�0jUl2w6n6i�u�w<o`|�z�{���rEw�s'�¤��| �8j_y�r�j_�]~?jpw ¨2 ' 1¨ rEi�j]��wE�0r¤l�|��
|&{�l2q�{���jpw)��j_j�r�o^|����§Á � �&�  1¨ £Ll���u'w��&l2|�o��pjUz/� � u'w�jCrEi�l2|
¨2  �En�o^jp|&r�o���r6��kvwEu�� ©U  �Q{�wEu�y?j_l�|xnpu�{�|&r�wEo^j_�)z�o���np{��E�0jUz]rEi�j
n�u�|���rEw�{�n�r�o^u�|�l2|�zgr�i�j�u'y�j_wEl2r�o^u�|Gu�k�rEi�je�0s��0r�j_� �0i�u¨£�o^|��
r�i�jt¶&o`rEl�q�o^|'rEjpwEj_�0rgu2k¤rEi�j³y?u'��o¦rEw�u'|²npu����]{�|�o¦r�s�o^|²r�i�o��
|�jp£ y�u&�0o`r�wEu�|d��u�{�w6n�j'�
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� |�j u�k�r�i�jn��j_s#y�l2w6l2��j�rEjpw6�³u�k�r�i�j²�0{�y�j_wEnpu�|�z�{�nNr�o^|��
�§�\�C��l�n_n�j_q`j_wEl2r�u�wÈo���o¦r6� � {�l���o¦��n�£ u�y?jpw6l¨r�o^u�|�l¨rQl<wEjpy?j�r�o`�
r�o^u�|xwEl2r�jLu2k © ± � À����)hLi�o��)o^�)l<�'w�jUl¨r)l�z�¶¨l2|&r6l2��jLo^|xnpu��x�
y�l2wEo��0u'|¤r�u�kvu�wE�xj_w\�'jp|�j_wEl2r�o^u�|��\u2k�l'npnpjpq^jpw6l¨r�u'wE��u�y?jpw6l¨rEo`|��
o`|Zl���l�n�wEu8¬¨��o^npw�u���~�{�|�n6i�wEjp�'o`��j'�\�§��y?j_n�o�l2q^q^s!£�i�j_|]z�wEo`¶&�
o`|��tl�kvwEjpjp��j_q`jUnNrEw�u'|©q^l'�0j_wX�m¾����\��£�o`r�i��0{�n6i l � {�l'�0o`��np£
��rEw�jUl2� u�k�jpq^j_n�r�wEu�|���~�{�|�n6i�j_�_�?r�i�j�u'y�r�o�npl�qÈu'{�r�y�{�r�u2k§rEi�j
q^l'�0j_w§j_�xo��E�0o^u�|�o��§jp��y�jUnNr�jUz�r�uZy�wEu¨¶&o�z�j�lZ��r6l2~�q^j�npu�i�j_w�j_|'r
q`o^��i&r���u�{�wEnpje£�o¦rEi�q�l2wE��j�~?jp|�jp��rE�!kvu�w�r�i�jZ��o`�'|�l2q`�»rEu2��|�u�o���j
wEl2r�o^u<l'n6i�o^jp¶¨l2~�q^jCo`|xu�y�rEo^n_l2q�jp�8y?jpwEo^�xj_|&rE�_�ÈhLi�jCr�£Cu<¾������
{�|�z�j_w!n�u'|��0r�wE{�nNrEo`u'|�l2r!�§���L�²l2wEj¤j���y?j_nNrEj_zXr�u�j_��o¦r�npu2�
i�jpwEjp|&r�w6l�z�o�l¨rEo`u'|Xo^|�r�i�j�kvwEj � {�j_|�n�sgwEl�|���j<kvwEu��Ç¹]rEu ©_ � 
�/�d�¨£�o¦rEiZy�{�q^��j�£�o�z8rEi��Èo`|]r�i�jCwEl�|���j�u2k���jp¶'jpw6l2q'i&{�|�z�jpwEj_z
kvjp�]r�u'��j_npu�|�z��§rEuG�0u'��j<y�o^npu'��j_n�u'|�z��Ll2|�zgj_|�jpwE��o^j_�Lo^|grEi�j
wEl�|���j�u�k����³y?jpw]y�{�q^��j��³hLi�o^�Zo^�er�i�jg£Cl¶'jpq^jp|���r�i$wEl�|���j
u2kCo`|&r�j_w�jU��r¤kvu'w�r�i�j��0r�{�z�s�u2kL~�o^u���u�q^j_np{�q^j_�¤l2|�z�j_q`j_�xj_|��
rEl�w�s�j���npo¦r6l¨r�o^u�|��§o^|X��jp��o�n�u�|�z�{�nNrEu�w6�§l�|�zg��jp��o�n�u�|�z�{�nNrEu�w
� {�l2|&r�{�� ��rEw�{�nNr�{�w�jU�p�
�!{�j¤r�uxr�i�jZ�0i�u'w0rLy�{�q���jpq^jp|���r�idu2kÈr�i�je¾������_��u�|�j¤o^�xy?u�w��
rEl�|'renpq^l'���¤u�kCu'y�r�o�npl�q)j���y�j_w�o^��jp|&rE�¤£�o^q^qQ~�j�y�{���y���y�w�u'~�j
j���y?jpwEo`��jp|&r6�p�¨£�i�j_w�jLl<��l��xy�q`jCo^�Èjp��npo¦rEj_zZ£�o¦rEixl�|]o^|&r�jp|��0j
y�{���y�~?j_l��d�?£�i�o`q^j]rEi�j�n6i�l2|��'j_�!u2kQrEi�jZu'y�r�o�npl�q\y�w�u'y�j_w0�
r�o^j_�<u2k§r�i�j��El2��y�q^jxl�w�jZ�xu'|�o`r�u�wEj_z³£�o¦rEi�lgr�o^��j���z�jpq�ls�jUz
y�wEu�~?j]~?j_l2�d�eÍ�n�u'�x��u'|�z�o���rEo`|�n�r�o^u�|to^�<��l�z�jx~?j�r�£Cjpjp|
�0o^|��'q`jp��npu�q^u�{�w¤u�wZz�jp�'jp|�j_wEl2r�j�y�{���y���y�wEu�~?j�j���y�j_w�o^��jp|&rE�_�
£�i�jpwEjL~�u�r�i�y�{���y�l2|�z]y�wEu�~?jL£Cl¶'jpq^jp|���r�i���l�w�j�r�i�j��El2��j
l2|�z�r�£Cu2��n�u'q`u'{�w�u�w!|�u�|���z�j_��jp|�jpw6l¨r�j¤y�{��xy���y�wEu�~?jejp�8y?jpw��
o`��j_|'r6�p��£�i�jpwEj�r�i�j_s l2wEj�z�o`�?j_w�j_|'rU��hLi�j�q^l2r0r�j_w�j���y�j_w�o`�
��jp|&rE��w�j � {�o`wEjLr�£Cu]�0s8|�n6i�w�u'|&s �_j_zxy�{�q��0j<�0u'{�w6n�j_�_��hLi�jpwEj��
kvu�wEjerEi�j��0s8|�n6i�wEu�|�o9�Ul¨r�o^u�|�u�k§y�{�q���j_ztq^l'�0j_wE�!u�y?jpw6l¨r�o^|��Xo`|
r�i�j�¶8o^��o^~�q`jXu�w]r�i�j���� i�l'�e~?jpj_| j_�0rEl�~�q^o^��i�j_z l¨rx��jp¶'jpw6l2q
¾��§� kml�n�o^q^o¦rEo`jU�¤o`|tr�i�j�q�l��0r�s�j_l�wE�_�]hLi�jZ��w6��rez�j_��u�|��0r�w6l¨�
r�o^u�|²u2k���s&|�n6i�w�u'|�o��po^|��©l�km��q^l'�0j_w�r�u
l�|²��{�y?jpw6n�u'|�z�{�n�r0�
o`|���l�n_n�j_q`j_wEl2r�u�wÈz�wEo`¶'jp|]¾��§�X£Ll��\y�j_w0kvu'w���j_z]l¨rb�&rEl�|�kvu�w6z/�
£�o¦rEielCr�o^��o`|�� ��o¦r�r�jpwÈu2k�±�y��§ª ©p« �ÈhLi�j)��w6��r���{�~���y�o�n�u&�0jUn�u�|�z
r�o^��o`|�������o`r0rEjpw)u�k?��{�n6ixl¤��s8|�n6i�wEu�|�o��_l2r�o^u�|e£Ll���l�n6i�o`j_¶�j_zZl¨r
¾��§��� � ª ¨« �
Í�|©o^|�z�j_y�j_|�z�jp|&rerE{�|�o^|��³u�k�rEi�jG£Ll¶�jpq^jp|��2r�itu2kLr�i�j�r�£�u
q^l'�0j_w��0u'{�wEnpj_��£�u'{�q�zg~?j�i�o^��i�q^sgz�jU�0o^w�jUl2~�q^j�����o`|�n�j<r�i�o���l2q`�
q`u¨£���r�i�jZi�o`�'i�j_�0r���jp��o`~�o^q^o¦r�s�o`|³r�i�jx�0s��0r�jp�Ç{�|�z�jpw!o^|8¶�jU���
r�o^�'l2r�o^u�|��&j�� ���^�2kvu'wC��jp��o�n�u�|�z�{�nNrEu�w§��y?j_nNrEw�u&��npu�y8s��&l�y�{���y
£Cl¶'jpq^jp|���r�i©o^|
rEi�j�¾È��� n�u�{�q^z ~�jdn6i�u'��jp|
r�u�y�{���y}o^|��
r�j_wE��{�~�~�l�|�zdrEwEl�|��0o`r�o^u�|���o^|tl � {�l�|&r�{�� �0r�wE{�nNrE{�wEj��?£�i�o`q^j
r�i�j¤y�wEu�~?j¤£Cl¶'jpq^jp|���r�iGo��Cr�{�|�j_zXr�u�l�|Xo^|&r�jpwE~�l�|�zGrEwEl�|���o¦�
r�o^u�|G£�i�o^n6iXi�l���l]n�u'���xu'|g�0rEl¨rEj!£�o`r�igr�i�j<o`|&rEjpw6�0{�~�~�l2|�z
r�w6l2|���o`r�o^u�|��²hLi8{��xr�i�jdwEjpq�l¨��l¨rEo`u'|}z�s8|�l���o^n_�Zu�k<jp��n�o`r�j_z
npl�w�wEo`j_wE��n_l2|©~?jXz�jpr�j_w���o^|�j_z©£�i�o^n6i©o��eu�k���wEj_l¨reo^|&r�j_w�jU��r
kvu�w�r�i�j�z�j_¶�j_q`u'y���jp|&r�u�k�o`|&rEjpw6�0{�~�~�l2|�zGq`o^��i&rLjp��o¦r�r�j_wE�_���0u
npl�q`q^j_z � {�l2|&rE{��°n_l��Enpl'z�j�q^l'�0j_wE�_�¢�CjU�0o�z�jdr�i�o^���0y?j_n�r�wEu2�
��npu�y�o�n�l2y�y�q^o�npl¨rEo`u'|���l$��s8|�n6i�wEu�|�o��pjUz©kvjp�]r�u&�0jUn�u�|�z q�l���jpw
npl�| ~?j�{��0jUz
rEu©z�j�rEjpwE�xo^|�j�r�i�j�j_q`jUnNrEw�u'| ~�{�|�n6i�q^jp|��2r�i
o¦r6�0j_q¦k�ª ±�� µ « l���£Cjpq^qLl'�xr�u$n6i�l2w6l�n�r�j_w�o��pjgr�i�j�¾��§� y�{�q���j_�
ª ¹ « �

��| ¨2 '  ±��Zr�£Cu km�
q�l���jpw©��s8�0r�j_���©i�l¶�j²~?jpj_|�j � {�o`y�y�jUz
£�o`r�i
��s8|�n6i�wEu�|�o��_l2r�o^u�|�jpq^j_nNrEw�u'|�o�np�¤o^|©u�w6z�jpw�rEu³�0s8|�n6i�w�u��
|�o��pj�r�i�j_� rEu�r�i�j!w�j_y�jpr�o`r�o^u�|�w6l¨r�j!u2kVr�i�j��§���L�©l'npn�j_q`j_wEl2�
rEu�wU���Cu2r�i¤q�l���jpw6��l2wEj �¤jpwEw0��q^jp|���j��xu�z�j_q`u�nX�'j_z<hLo�� ��l�y�y�i�o^wEj
q�l���jpw6��y�{���y?j_z²~8s
kvwEj � {�j_|�n�s&��z�u�{�~�q`jUz/�Cz�o`u�z�j³y�{���y�jUz
np£¥º!zgq^l'�0j_wE�_�ÈhLi�j<wEjpy?j�rEo¦rEo`u'|gw6l¨rEj!u2k\r�i�jU�0j<q�l���jpw6�§o��L�0jpr
rEu³ÃS � À ���\£�i�o�n6i$npu�wEw�jU�0y?u�|�z���rEu�½grEo`��jU�¤r�i�j�wEjpy?j�rEo¦�
rEo`u'|�w6l¨rEj¤u2kÈr�i�jej_q`jUnNrEw�u'|X~�{�|�n6i�j_�_��rEi8{���l2q^q^u¨£�o`|���n�wEu'�E�0�
npu�wEw�j_q^l2r�o^u�|�j���y?jpwEo`��j_|'r6��£�o¦rEixl<z�{�r�sZn�s�n�q^jLu2k?½��\¾�u�wÈr�i�j
��s8|�n6i�wEu�|�o��_l2r�o^u�|�� © ± � À ��l2wEjZz�j_w�o^¶�jUzdkvwEu�� r�i�jx�����L�
��¾Çj_q`jUnNr�wEu�|�o^n_�³£�i�o�n6i l�n�rE�tl���r�i�j}��l'��rEjpwtu'�En�o^q`q�l¨rEu�wU�
hLi�o��/kvwEj � {�j_|�n�s¤o���z�o��0r�wEo`~�{�r�j_z]¶8o^l�u'y�r�o�npl�q2��~?jpwÈq^o`|o���\o`|&rEu
rEi�jQu�y�r�o�npl2q'q^l�~�u'wEl2r�u'w�o^j_�_�p£�i�j_w�j�rEi�j§q�l���jpw\�0s��0r�jp����l�w�j§o`|��
�0rEl�q`q^j_z/�LhLi�j © ± � À���kvw�j � {�jp|�npsgo����Z{�q¦rEo`y�q`o^j_z�~8sd±   rEu
�'jp|�j_wEl2r�j�l�±�Å  v� À �]��o`�'|�l2q��§hLi�o���kvwEj � {�j_|�n�sXo^��r�i�jewEj�k��
j_w�j_|�n�jL�0o^��|�l2q8kvu�w�rEi�j�¹rEixi�l2wE�xu'|�o�np�Èu2k�r�i�jLkm�)q�l���jpwU�\hLi�j
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�W�����È�1�1�B�O�A�W�µ�/�K�O��� � ���-�7�R���1���-���/�
´UàDò �-�>���m�j�7�G�/�1��±D�!Þ � �1�1�3�9�3�1�/�O�������-���-���m�c���A�(~G�_�1�
´��r§ ���>�A�-�_���1� �A� ���U�O�����������O� �-���m�������j�(�7���O���s���È���D�>�Aÿ!�s�"Û
�s�W� � ���-�7�c��� � �-� � �s���/�O�1�D� � �O�/�_���g���È�O��� êK§���ë³¤R¦]§u�7� � Û
�7� � �/�-�_���1�s�] D���R���s���-���O�s���s���7�O��� �c�_���O�(�7��� � � � �j�7���1�"�g�
� �(� � ���-�7����� � �"���c�A�-�µ�����Xÿ��s�B�O�A�W� � �7�����-���/��±/à������c�����3�
�_�1� � �1�>�g�j�-��� ô �A�"�O�7���_�{�-�����1�1���-���"���1�3���O���1�Aíg�m�-�_���]�
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� ������ � ��	���	 � ���	��	c��G�
�3	��´� ��
�D����]�1��	���� ���!���"��# $®� � ��	��>	j���]�!�>��	����ó���
*o+O,m.10�23234�0]6�CD+3L ?_^ H�4�VU6�CD+3EGF =>< 23H�4W0�I>J]6�`Y+3a < .12 = 6�,1+O`j4 ?_^ H�4�P =

 D�����c�U�-�-�7���>���-�R�-�����s�O�7���1���1�B�O�A���¯�-�Yé²¥>��~�ìY�������-��� � �s�XÛ
�O�-�W� �W����©A«X¬9�1�-�s�¯�s�/�s�-�_��� �-� �A� ���O�_�>�¡���1�/�-�&�s�m�-�1�����s�s�
 D���{���>�m���W�3�/�W�s���/�c�O�����9���m�O�7�O�_� � �/�O�µ�����_���
åU�1���U�-���
�7æ��7�A�s�1�X�W� � �W��� � �A�È�XÛ²�-�_���°�/���´�O���W���s�����s�O���/�U�/�_�1��� � �W�
�m���7�����¯�RÞj� ß  G� ���R���-�7���_�7���1���1�B�O�����c�A�-�¯� � �/�1���c�_���O�
����� � �����Y�_�A� �7ð(�� D���7�O�X�È�W�-� �Q�c�O�såU���_�-�g�Rï�ð � �W�"�s� � �A�W�U�R�È�W�
� � �g�B�-�O�������-�>�>���B�-�_���]�r D�1� � ���-�7�R�1���j�(± �oë³¶�í.���� 3�¦]~
�U�-�7� �_� �/�-�W�Dé"«sà@µ/ñ��1��ì��c�A�-���W���>�A�-�_���D��� � �"�D���>�>� � ���W�U�_�����
�>�_�>�>�XÛÓ�������!�s�£�/��� � �Q�1�s�O�s�����1�¯���j�/�È� � �{�È�O�såU���s�1�X�¯�>����Û
��� �_���1��ÝÓ�����O�����1�X�g����� � �-�s�Y�m�9± �Wñ���� �c�A�-� µ��1� � �s���/�O�
���1� ´Wà¯�������/ü��_�o�1� �7�1�7�O�����µ D�1�xÞj�-ßs ]�����1�/�-� � �)���s�
�����W�¯�-���o�-���³�-���-�À���7�9�/�����W� � ��ÛÓ�7�W�/�-�s�{�X�W���!�7� �7� � �_�1�>�s�
�c�A�-�x«sàD���û�>���/���X�O�7�G���1��«pµj��� � �7�1�/�-�]�G D�����G�7� � �_�1�>�s�
�A�O�-� � ���_���1�/�-���/�K�9�7����� � �_�s�m�-�g���7�m�O���>�>���W�-�-�7� ��� �W��� � �����
±W±/à ��� � �W���1���c���_�3���7��� � �c���m���g�9�_�1�"���>�D�m���7�����û�È�O���
�O���R�1�-�s�1�/�3�m�O�A�W�9�3�1�/� � �s�G�_�U�-���O���j�-�g�"�W�1�m�O���]�s�)�U�A�����m���1�
�s�/� � �����W���U�-�s���-�1�7�O� � �����g�/�1�D���r�(�O���-�g���K�
 D�����>�s���U�"�A�-�_���x�/���O����Þj� ß  G� � �)�W�7�3�������-���Y��� � �>ÛÓ�7�W�m�O�s�
�s�m�-�1�������-���-�À���7�(�D���Y�>���1���_�£�-�����7�/�-���>�>�����O�7�1���O�/�-�_���
�3�1��� � �7� � �£�-� � �-�såU���s�U�� G�µ�/���ªÞj���s�m�/�!���3�m�-�_���]�� D�1�
�3�1��� � �7���1�W�®�/�®�A�W�´�1�����ó�/�1�®�£�-�A�O�����A�1� �-� ��� �A���/Û
�O�A�W�ó���������  D�1�³�m���X�1��� ���-�g�-�-���O���j�W��«sà áKâ�ã � � �/�g�
ÝÕ�&�O���£�3���/� � �7�µ�-���s�-�£�R�s�-�¯�È�W�����s�)�����W�O�/�-�W�O���È�W�µ�-� � Û
� ���O�A�����/�����7�/�g�"�_��� éÀ�s�/�s�-�_��� �3���O�����/�-�gìX����åU�1���"�Oí��W�"Û
�7� �_� �/�-�W�9�-�°���g���-���O�µ�7�m�/�!���3�m�O�A�W�¡�O�/�-�����1� � �)���7�9�-�����3�UÛ
���g�-���/�1�®�¡�7�/�-���>�>�����g�m�O�A�����  D�����s�)�����W�O�/�-�W���_�®�1�-�
�7��� � � � �x���m���s�M�_�ª�È�O���U�o�/�D�O���x�s�m�-�1����� � �M���������A��Û
� � �m�O���g�c ]���1�W�"�-�7�³�7��� � ���/�O�����1�x�O���o�s�)�����W�O�/�-�W�O�j���g�m�-�g�
�O���7� ���1���O���7�_���O�7���!�7�3�m�-�1�-�g� �7��� � � � �(���s�W�"�1�-�g�K�Y§��
�����s�"�O���-���_�M�È�-�W�W�����R�O���µ�7�/�-���>�>���>�7�1���s�£�O���µ�"�_í7�����1�
�!�W�-�Q�O�A�W���/�1�O��� Þj� ß  G���"�!�/�g�GÝÓ���D����� � �-� ���"�g���W�r�/��� � �s�XÛ
�O�-�W�°�X� �A� �s�X�-���g��~���� �-���m�������O���U�"���µ���_���£��� � �O�����9�7��� � �
� �9�/��� � �_�s�K�
 D���{�/�_� �j�W���-�£���-�>�>���X�����
� � ���>��±/à���� �O���_�3�¡�-�����
���cÞj� ß  G�(�c�A�-��µµ��� �>���/���7�-�7���7�7�U�-�3� � �-�x�-�1���s�m�O���>�>�
�-���-�À���X�W� øj�X�È�W�-�(�>�7�!�W�-�Q�O�A�W���-�1�(�7�/�-���>�>�(�j�W�����g�m�O�s�¯�O�
�³�-�7���!�7�3�m�O���-�x�/�o«)±/à��7Þ �� D���x�>�s���U�"�A�-�_�����j�W�(�"�O���"�O�s�
�c�A�-�&�O���³�O� �_� �1�-�_���¯�� D���³�-�7���!�7�3�m�O���-�°�/���-�1�°�7�m������Û
�3�m�O�����D�����"���7�X�g�-�-�_��� � �³�_�1�X�O�s�W�"�g�°�1�W�O� �  ]���s�)�����W�O�/�-�_���
�1�����!�7���g�K�÷ D���£�s�m�/�!���3�m�-�_���&�D���{�"�-���1���g�ó�A�9�-���¡�>�7Û
�-�A�O�s�³�-�����3�����s�O�Y�/��«gàµ��� �D���Y�O�s�W�3���s�K��§��î�-�7�Y�O�1�m���-�1�
Þj���7�m�/�!���3�m�O�A�W�x�D���D�!�7�-�È���O���s�{�A�¯�O���9�O�/�����j�)�W��� ���"Û
�_���£Þj�9�>�s���U�"�A�-�_���M�O��� � �)���7���D����� �A� �����_�1�m�O�s�¡�c�A�-�¡�-�1�
� ���-�7� � �s�������1���-���������/�O�9�X���O�O�7�U���j�W�r�������A�-�W�-�g�K�� D�1�
Þj�j�7�m�����W�O�/�-�_�����j�W���!�7�-�È���O���s���1�W�O� � �-�1� ���1�/�-���X���O�O�7�U�
�O�m�O���O�/�-�g�K�GòM�D�È���1�1���-�1�/���A���O���c�È� �_� �m�c�A���Y�È�s�´���_�U���-�s�
�O���������/�O���7���O�-�s�W�D�>�O�����!�s�x�>�m�c���-��� � ����� �Wà�è����]�Q� � �
�È�W�-���7�c�m� � ���W�
 D���c�����A�����O� ��� �7�%�>���O�A�1� �O�����s�)�����W�O�/�-�_���(���-�>�7�s�O�r�j�W�
�O��� �3�/�1�_���_�1�X�O�s�W�"�c���K�-��� �m���X�1��� ���-�g�-�-���O�������O�o� � �����
«gà>á��(� � �/�g�9 ]�{���O�7���s�U�����È���-�-���s�����7���3���1�m�-�_���]�!�A���j�W�
���g�X�g�-�O�/�O�c�-���A�1�7�-�g���-���-�����s�m�/�!���3�m�-�W�!�-�7���!�7�3�m�O���-�g�K���s�-�
� � �m� � ���°ò£���-���_���¡�-���m�o�O��� � ���ª�m���7����� �D�����O���x�O�s�/Û
�-�����È�W���O��� � �m�ûåU�1�/�U�O�����Xæµ�X�_�7�1�7�¯�/� � �s�O���O�1�/�
«mè¨�/�

�-���D���O�>�>�1�X�g�9���1�/�-���7�/�-���>�>�g�7��~����-�-�1�7�O���W�-�W�g�-���D�O�7���O�/Û
�>�1�X� � � � �A���µ���]�-�1�Y�s�m�/�!���3�m�-�_���x���O���7�s�O�R���1���-�������s�3�1���>Û
�_�s� � �!�W�-�Q�O�A�W�{�W�7�7���O�W�X���j�7�O� �1�1�-�/�-�����À�W�B�O���O���
 D����åW���/�U�-���Ü�Xæµ�X�_�7���X�ª�/�Y�-�1�{�1�-�s�1�/�O�s�������/�O�ª�7�m�O�>Û
�����s�9�j�7�O�����s�W�"���O�s�M�_�¡�-�������-�s�1�/�3�m�O�A�W�M�3���/� � �7�(�/�1�
�A�1�-���>���-�����������-�{�����£�c���7�O�(�-�����_�1�"� � �/�-�s�M�7�/�-���>�>��� � Û
� �m�Ú�-���/��� � ���9���_�����W� � �O�����c�����-��� �"�K��� � ���/���-�1� �7�)���A���
�X��� � � � �j�1�-�s�K�r~��A���>«j�-���m���]�-���D�O�s�-� � �����!�YåW���/�U�-���¢�7�îÛ
���X�_�7�1�7�����s���-���O�7���7�U�r�A�o�-���D���O�7���/�3�m�-�_���9�3���/� � �7�r�c�A�-�
��� � �A�W�W� � �{�>�X�È�>�7�1�"�g� � ���-�7���-�!�/�s�

·�¸_¹�ºm»�¼��]Ç�Á/ÃÅÁ(ÔsÎg¾Õ¾-É"Ï>Ã �sÉ"¾ÕÂBÎgÂ Ø ÑAÄ7Â&�7ÁB
îÃÅÄXÍ�É Á7Æ�ÃÈÇ�É Ä3Ò�É"¾3Ã�Îg¾-É
Ö(É-Ä7ÂBÎg¾-ÉD�9Ñ Ï{ÃÈÇ�ÉrÒ>¾-ÉÕÒ�Ä7¾"Ä/ÃÈÑAÁXÏµÔ�Ç�Ä7Ö Ø É"¾BÙ
�����O�_�����O�����1�-�(�����-�����������-�¯�7�/�-���>�>���A�°�-���µ¥>��~®�����
�R�£� � �-�7�O���g���O�1�m�x�-���£�������-���7���-�O�7�U� ���1�B�O�1�m�O�s�&�c�A�-�
�-��� � �W�"�s� �-����� �!�W�-�Q�O�A�W�³���³�-�����7�m�O���>�>���� D�������_�����W���/Û
���7�1�7�A���9�_��� � �-�Y�U���-� ��� �c�_�o�O���c�������-���W�O�����o���1�O���c�7�m�O���>�>�
�m�î�-�s���1�-���A��~��A���1±>�
ë����O�o�-���"�-�s���m�-���o�"�-���>�A�g�������-���(�����/�O���s�����O�"�_�������W���/Û
���7�1�7�A���x�j�7�O�����s�"�È�W�-���g� � �¯�O�7�/�1���A�1���-���o�È���7�1�-�s� � ���-�7�
� �g�/� ���X�O�W�O�Y�-�1���7�/�-���>�>�W�¯ D�1�s�-�����g���-���O�7���7�U�O�9�R�s�-�
�>�������A�¡�O���µ���O�7�1���O�/�-�_���¡�3�1�/� � �s�o�/���¡�c�Q�O�¡�-���{�7�m�O�>Û
�������A�¡�O���µ�7�)���A���³�c�Q�O�ª��� � �������W���"�j�1� � �K�� D�1�7�O� � �£�
�U�_�-�-�1� � �7�m�O���>�>���j�W���1�-�s�°�-�����7���-��� � ���-�7� � �s�/�ù���U�"�AÛ
�-�_�����W���-�1� �7�/�-���>�>�W�céÀ§c�î�O�7�j�-�1� ���m�m� ��� �����_�-�O���j�9�1���"�
�/� � ���-�7� � �g�/� �D�����>�_�-�g�B�O�s�
�W�U�-�£� �1�W�-�g�-�7�7�1�7�x�O�X�O�7�7�
�c�Q�O�x���X�����3�>�_�1�m�O�����s�-��� ì�~��_�1��ño���O�s�-�7�U�3�����W�������s���7�A���
���g���-���O�7���7�U�O�r�s�/�O�-�_�s�o���>���_�o�O���c���O�7�1���O�/�-�_���o�3���/� � �7�g�
 D�����X�_�3�X� � �/�9�>���"�-�O� � ���-�_���ª�/�W�-�s�s���c�A�-�¡�-�1�{Þj� ß  ]�µ�-�!�/�
�>�_�����X�-�s������µM��� � ���{�ª�O�7�W�A�W�Ú�c�A�-� ���A�W�óåU�1�/�U�-�1�
�Xæµ�X�_�7�1�7�£�D�����È�����1�
���ª���1���"���>�W�¯ D�1�µ�������-�°�7���-�O�7�U�
�>�_�"�-�O� � �>�-�_�����D�/�]�O���9�7�/�-���>�>�����s�W�"�1�-�g�µ�_���O���������¯�7�)�UÛ
�Q�����c�A�-����� � �������/���o�/�1� � �_�s�9�"�>�1� � �(�/�O�R�-���m�c���_�(~��A���p´1�
 D���o�>�Aÿ!�s�-�s�U���1� � �����A� �����7�1�7�s���-�����>�_�"�-�O� � �>�-�_����� � �>�Y�A�
� ���-�³�7�W�"�g�c�����A�W��åW���/�U�-��� �Xæµ�X�_�7���X�x�/�c�-��� � �m�j�7� � �X�î�
�1�/�-�c�/���-���9�s�m�-�1�����Y���c�����"� ��� ���

µ/ñ



·�¸_¹!ºB�1¼ ��Ç>ÁmÃÅÁXÍ)¾"Ä3Ò>ÇzÁ7Æ(ÄMÍ/ÁB
-�/×ÀÔ3ÁgÄmÃ²É/� ÔOÄ/ÃÈÇ>Á?�WÉ¡Ð�ÑîÃÈÇ �UÉ"×
Ò!ÁXÂÕÑÈÃ²ÉD�x½�Â l �>ÉK
AÄ�¿>É"¾BÙ

5 m
m

·�¸_¹!º��1¼���Ç>Á/ÃÅÁ ÔsÎg¾Õ¾-É�Ï�Ã��/Ñ Â3ÃÈ¾ÕÑ Ø Î�ÃÈÑ_ÁXÏ�Ö(ÉOÄXÂBÎg¾-É/��Ñ Ï�ÃÈÇ>ÉrÒ�¾-ÉÕÒ1Ä7×
¾"ÄmÃÈÑ_ÁXÏµÔÕÇ>Ä7Ö Ø É"¾BÙ

·�¸_¹!º �!¼V��Ç>ÁmÃÅÁ�ÔsÎg¾Õ¾-É"Ï>Ãg�/Ñ Â3ÃÈ¾ÕÑ Ø Î�ÃÈÑAÁ7Ï Á7Æ>ÃÈÇ�ÉKÔ3ÄmÃÈÇ>Á?�WÉ�Ö(É-Ä7ÂBÎg¾-ÉD�
Ñ ÏUÂÕÑ�UÉ9ÃÈÇ>ÉcÍUÎgÏ{Ô3ÄG�sÑîÃç¿£Ð�ÑÈÃÈÇ¯ÄBÒWÒ�
 Ñ_É/� ��Ô Ø ÑAÄXÂ �îÄ Ø ÁG�sÉ ��ÄXÏ*��¾ÕÆ
��É�
� � Ø É�
AÁ)Ð �XÙ
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Beam extraction

Shield cooling

Photo cathode

Cryostat
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Laser system

RF generation

RF control
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Mains power subsystems Power or efficiency

Mains power Helium plant 106 kW

Beam power (100kW)  + RF loss of
the cavity and power coupler

100,3 kW

Sum 206,3 kW

Efficiency of beam power (100kW) 48,5   %

Mains power klystron power supply 400 kW

+ Mains power helium plant 506 kW

Total efficiency:

mains power to beam power
19,8  %
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