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HJICKML NOL PCK5PCQSR�PUT�K8V:WYX�N�Z[K:\)K8]
X�K8^8L K8_O`aN�\)bdcfe�g�h#iCN�jCK8k
WlK8LSPCN�_�m'`aN�\�iCN�i�naQSiCL K8\+moK8^8LSQ i�RpT�K8V:Wq_�Q V:RCiCN�moL Q ^8m'`aN�\�LSPCK
rJQ R�P�s(iCK8\+R�t�u)K8V:Wwvx\+V8iCmSX�N�\+Lzy�Q iCK:mlWlICm
LDT�K{^8N�iCmoQ _�K8\+K8_�|
}pK[Q iCjCK:moL QSRCV8L K[LSPCK[_�K8L K8^8L Q N�i$N�`#`ak ICN�\+K8mo^8K:iC^8K�X�PCN�L N�iCmz`a\+N�W
L PCKMK8]C^8QSL K8_OmoL V8L K8mJN�`�LSPCKM\+K8moQ _�ICV8k(RCV:mx~���ZfQ LSP�V5��K8V:W��oiCn
_�IC^8K8_O��k ICN�\+K8mo^8K:iC^8Kl���)�o������N�iCQ L N�\����A�+|�vxPCQ mJW�K8LSPCN�_OZfV8m
moIC^8^8K:mom
`aI�k kSt�V�X�X�k Q K8_�`aN�\<PCQSR�P�^:IC\+\+K8iCLOWlK8V8m
IC\+K:WlK8iCLSm'V8L
�x~{e+y(cJ���+���+|d�dPCN�L N�iCm[Q i�L PCKlZfV:jCK8k K:iCRCLSP�\+V8i�RCK������{i�W��
� �O�����Mi�W�V8\+KURCK:iCK8\+V8L K8_�T(tlLS\+V8iCmoQ L Q N�iCm)Q i�~�� �$ZfQ LSPlV�T�N�I�L
� ��iCm�k Q `aK:L QSWlK{�+���+|x�  DQSiCR�k K8n X(P�N�L N�i�^8N�ICiCL QSi�R���Q m�X�K8\�`aN�\�W�K8_
ZfQ LSPYV:iYQSWlV:RCK�Q i�L K8i�moQS`aQ K8\¡�+���+hlK8¢�ICQ X�X�K8_£Z[QSL PYV�_�N�I
T�k K
�<����`aN�\l�A��¤¥na`aN�k _$X�PCN�L N�naK8k K8^8LS\+N�i�V:W�X�k QS`aQ ^8V8L Q N�iC|#vxPCKMk Q R�PCL
`a\+N�W£LSPCKJ`aV8moLD�d� � X�PCN�mSX�PCN�\�mo^8\+K8K8ilZfQ LSP������liCmz_�K8^8V:t�L QSWlK
Q m�L V�X�K8\+na^8N�I
X�k K8_�L N�V$_�Q RCQ L V8k�����H£^8V:W�K8\+V�ZfQ LSP5V$bDQ \+K8}pQ \+K
Q iCL K8\+`aV8^8K[�+u)V8mok K8\#�����A`a�+|
vxPCKOmoK8L I
XYZ[V8mMQSiCm
L V8k k K8_�T�K8PCQSiC_� De+ p^8k N�moKOL N�L PCK$T�K8V:W

_�I�W�X�rJvx��V8iC_�L K8moL K8_{Z[Q LSP5_�QS`+`aK8\+K8iCL�Q N�i�m��+¦JK8hDvxV8hD�J��V8iC_
jCV8\�t§QSi�R�K8iCK8\�RCQ K8m¡��`a\+N�W � ��LSN���¨����<K8©Jª IC��`aN�\�`aV8moL$V:iC_
mok N�Z«K:]CL \+V8^8L Q N�iC|fcJi'K8]CV:W�X(k K�N�`lmoIC^:P'V�W�K8V8m
IC\+K:W�K:iCLJQ m
moPCN�Zfi�QSi�bDQ RC|��A¬�vxPCK$mSX�N�L mfZfQSL PCQSi5LSPCK$V8\+K8V$N�`xLSPCK�jCV8^:ICI�W
ZfQSiC_�N�Z­V8\+K{^8\+K8V8L K8_MT(t�m
Q i�RCk K�NAX�L Q ^8V8kDX�PCN�L N�i�mohxLSPCK8Q \(X�\+N�n
® K8^8L Q N�i�V8k N�iCR�L PCK�T�K8V:W¯V:]CQSm5tCQ K8k _°L PCK�PCN�\+Q ±8N�iCL V8k#X�\+N�`aQ k K8|
vxPCK5^8N�\+\+K8mSX�N�iC_�K8iC^8K5L N¡V5 Dsx�<na²J\+Q _�WlK8V8m
IC\+K:W�K:iCL�X�\+N�jCK:m
L PCK$V�X�X�k Q ^8V�T�Q k Q LSt§|Du)ICL�LSPCK$u)e+b�WlK8LSPCN�_�N�`a`aK8\+m�V�PCQ R�PCK8\�mSX�V:n
L Q V8kD\+K8moN�k ICL Q N�il�+PCK8\+KJ�����M³�Wlª X�Q ]CK8k �+h�ZfP�Q ^8Pl^8V:i)T�KUW�V8L ^:PCK8_
K8V8moQ kStML N�N�L PCK8\�\+K8¢�ICQ \+K:W�K:iCL m#T(tMLSPCK$^8PCN�Q ^8K$N�`xV:i5V�X�X�\+NAX#\+Q n
V8L K8_lk K8iCmoª L V�X�K8\�m
t§m
L K:W�h�K8| RC|�e+i�V8_�_�Q L Q N�iCh�Vfu�e+b{�<N�iCQ L N�\�^8V8i
T�K[\+K8V8k Q ±8K8_�Z[QSL PCQSi$V[m
PCN�\+L�Q iCmoK:\+L Q N�i$k K8i�RCLSPC|

vacuum window

beam directionbDQ R�IC\+K{�A¬Dcf^8¢�I�Q \+K8_MQSW�V8RCK:¬z�A| ¨l´�m�`aV8moLDK:]CL \+V8^8L Q N�ilN�`���]#�A��µ
¦JKJ��¶�·OV8LD�����M�<K8©Jª IlV8iC_ML PCK�X�\+N ® K8^8L K8_MPCN�\+Q ±8N�iCL V8k:X�\+N�`aQ k K
^8N�W�X�V8\+K8_'L N'V� Ds(��na²J\+Q _�n+moQSR�iCV8k |�vxPCK�u)e+b¸_�V8L V<Z[V:m{V8^:n
¢�ICQ \+K8_�V8Lx�A]#�A��¹ ºdW�T�V8\#V8iC_�V8jCK:\+V8RCK8_�N�jCK8\#����moPCN�L mo|

vxPCKU^8\+Q L Q ^8V8kd_�K8W�V:iC_5`aN�\xVUu)e+bO�<N�iCQ L N�\xQ m)L PCKUV:WlN�I�iCLdN�`
T�V8^8»CRC\+N�I�iC_�^8V8ICmoK8_UT(t{iCK:ICL \+N�iCmJPCQ L L QSi�R{L PCK)X(PCN�L N�na^8V8LSPCN�_�K
� ~{V8��¼J :T��+��m�N�`#L PCKfQSWlV8RCKfQ i�L K:iCmoQS`aQ K8\+|�e+L�k K8V8_�mzL N�VfICi�Q `aN�\�W
_�Q moL \+Q T�ICL Q N�i$K:jCK:i$N�ICLSmoQ _�K[L PCK[N½X�L Q ^8V8k�X�V8L PCh�V8m�m
PCN�Zfi�Q i�bDQ RC|
�A|)HJICK�L N¾LSPCK�K:iCK8\+R�tCna_�K�X�K:iC_�K8iC^8K�N�`�iCK:ICL \+N�i�X�\+N�_�IC^8L Q N�i

V8iC_YL PCK�k N�^8V8L Q N�i¿^8k N�moKpL NYLSP�Kp_�I�W�X�LSPCK¡T�V8^8»�RC\+N�I�iC_YQ m
PCQ R�PCK8\zL PCV:i�`aN�\z�x~{e+y(cJ��T�K8V8W�X�V8\+V:WlK8L K8\+mo|dbDN�\zL PCK��J����·
T�K8V8WÀZfQ LSP�¨�K:iCK8\+R�tCn+moL K�X�mlT�K8LSZ[K8K:i � ��V:iC_�¨�¨����<K8©Jª I
iCN�Q moK{Q iC^8\+K8V:moK8m�T(t¡V{`aV8^8L N�\fN�`fÁ�����|xbDNC\f`aV8moLzK8]CL \+V8^8L Q N�iChxV
T�V8^8»CRC\+N�I�iC_<_�K8^8V:t�L QSWlK�N�`��A| � �+���JW�mMZfV:ml_�K8L K8\�W�QSiCK8_5T(t
RCV8L QSiCR¡LSPCK[X�PCN�L N�na^8V8L PCN�_�K5N�`)LSPCK5QSWlV:RCK5QSiCL K:iCmoQS`aQ K8\[V8iC_¡QSi�n
_�K�X�K8iC_�K8iCL kSt�T(t¿V�X�k V8moL Q ^�mo^8QSiCL Q k k V8L N�\¡m
tCmoL K:Wl|lvxPCQ m�k N�iCR
_�K8^8V8tlL QSWlKJ^8V8i)T�KUICiC_�K8\+moL N�N�_5¢�ICV8k Q L V8L QSjCK8kSt)T(t�LSPCKUiCK8ICL \+N�i
W�N�_�K8\+V8L Q N�i�Q i�moQ _�K°L PCK{T�K8V:WÀ_�I�W�X�V8iC_�LSPCK°m
IC\+\+N�ICiC_�QSi�R
^8N�iC^8\+K8L KJZfV8k k m��+¨��+|�}pQ L P�V:i�V�X�X�\+NAX�\+Q V8L KfmoPCN�\+L�RCV8L QSiCRlN�`�L PCK
QSW�V:RCK$V:W�X�k QS`aQ K8\�_�IC\+Q i�R5L PCKO�f³�m#T�K8V8W�_�K8k Q jCK8\�tChDL PCQSm#T�V8^8»Cn
RC\+N�ICiC_�^8V:izT�K[\+K8_�IC^8K8_�|
bDN�\UmoI�`a`aQ ^:Q K8iCL�moQSRCiCV8k�moL \+K8i�RCLSP�N�i<VOmoQ i�RCk K¡moPCN�L�T�V8moQSmohzV

\+K8k V8L Q jCK8kSt�k V8\+RCK�X�\+K8m
moIC\+K�T(I�W)X°N�`�LStoX�Q ^8V8k kSt��A��¹ º�W�T�V8\�ZfV:m
\+K8¢�ICQ \+K8_�`aN�\5L PCK�Q i�jCK8m
L Q RCV:L K8_�T�K8V8WÂ^:IC\+\+K8iCLSmo|fvxPCK8moK�^8IC\�n
\+K8iCL m[V8\+K�LSZfN{L N{L PC\+K8K�N�\+_�K8\+m[N�`zW�V:RCi�Q L IC_�K�k N�ZfK8\zL PCV:i�K:]Cn
X�K8^8L K8_�`aN�\Ubdcfe+g�|zvxN�k K8RCQ LSQSWlV8L KOL PCK¡iCK8^8K:momoV8\�t<K:]CL \+V�X�N�k V8n
L Q N�ip`aN�\5bdcfe+g�hfLSPCK�jCV8^:ICI�W«X�\+K8momoIC\+K°ZfV8mOjCV8\+Q K8_�N�jCK8\5�
N�\+_�K8\+mlN�`JW�V:RCi�Q L IC_�KOL N<k V8\+RCK8\�X�\+K8momoIC\+K8mo|zbDQSRC|��<^8N�i�`aQ \�Wlm
L PCK�X�\+K8mom
IC\+K�QSiC_�K�X�K8iC_�K8iC^8KÃN�`pLSPCK�_�K8L K8\�WlQ iCK8_ÄX�\+N�`aQ k K:n
ZfQ _�LSP�Å¡V8iC_{L PCK�k QSiCK8V8\+Q LSt5N�`�L P�K�L N�L V8k#moQ R�iCV8k#moL \+K8i�RCLSPC|dvxPCQ m
X�\+N�jCK8mlL PCV:L�LSPCKO`akSICN�\+K8mo^8K8iC^8KOQSml_�N�W�QSiCV8L K8_5T(t�L PCKOV�T�N�jCK:n
WlK8i�L Q N�iCK8_�~�� �[L \+V:iCmoQSL Q N�i�mo|
vxPCKM_�K8mo^8\+Q T�K8_OV8iC_O`aIC\+LSPCK8\)m
tCm
L K:W�V8L Q ^5Q i�jCK8m
L Q RCV:L Q N�iCmU� � �

_�K8W�N�iCmoL \+V8L KULSPCKURCK:iCK8\+V8kdV�X�X�k Q ^8V�T�Q k Q LStlN�`(u)e+bO`aN�\xL PCKUbdcfe+g
Q iO`aV8moL(V:iC_Omok N�Z�K8]�L \+V8^8L Q N�iOWMN�_�K8|#e+iUX�V8\+L Q ^8ICk V8\)`aN�\)L PCKM`+Q n
iCV8kSna`aN�^:ICmÆV8_ ® ICmoLSWlK8i�L mÆV8L�LSPCKÇ dnabdg� Dh�V8iCL QSn X�\+N�L N�iÈN�\
�dk V8m
W�V8na��P�tCmoQ ^8mfL V8\+RCK:L mo|#cÄk N�^8V8k�jCV8^8I�I�W¸T(I�W�X'WlQ R�PCL�moLSQ k k
T�KMiCK8^8K8momoV8\�t§hCT(ICL(Q mxX�\+NAT�V�T�kSt�L N�k K8\+V�T�k KM^8k N�moKML NOL PCK8moKML V8\+n
RCK8L mo|�c­^8V8\+K:`aICk�moP�Q K8k _�Q i�R�N�`[LSPCK{QSWlV8RCK{QSiCL K:iCmoQS`aQ K8\fV8RCV:Q i�moL
iCK8ICL \+N�iCmJQ mJ\+K8¢�ICQ \+K8_�|�vxN�K8iCk V8\+RCKlLSPCKl_�QSmoL V8iC^8KML N�LSPCK�T�K8V:W
X�Q X�K8h�Vl^8N�WlW�K8\+^8Q V8kSkSt{V8jCV8QSk V�T�k KlÉabdQ T�\+KlÊxX�L Q ^8mfe�WlV:RCKlu)I�i�n
_�k K8Ë#W�QSR�PCL�T�K[V[moN�k ICL Q N�iC|

bDQ R�IC\+K$��¬�vxPCK$PCN�\+Q ±8N�iCL V8k§X�\aN�`aQ k K�Z[Q _�LSP5ÅOV8iC_�L PCK$L N�L V8k�moQ R�n
iCV8kzmoL \+K:iCR�L P�V:ml`aI�iC^8L Q N�i�jCV8^:I�I�W�X�\+K8momoIC\+K�`+ICiC^8LSQ N�i�_�K8L K8\+n
WlQSiCK8_�T�tULSPCK[u)e+b��<N�iCQ L N�\#� T�K8V:W°X�V8\+V:W�K8L K8\+m�moK8KpbdQ RC|��A�
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�+�����C¨��+|
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���A���a�����C���+|
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� � �
�+|
�+���#ZfZJZf| X�\+N�]CQ L \+N�iCQ ^8| _�K8|
�+¨��#rJ|�e+Z[V8moK8hAX�\+Q jCV8L K[^8N�WlWlI�i�QS^8V8L Q N�iCh��dP�t§mo|�g�K8jC|�� � ��h
����� � �A¨��a�����C���
� � �#bD|�u)K8^8»CK8\+h�HJQ X�k N�W�V[vxPCK8moQ m
h�vxK8^8PCiCQ mo^8PCK[�UiCQSjCK8\+moQ L �8L
HJV8\�W�moL V8_�L��+����� � �+|
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