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Off− axis 
paraboloids
    P
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Off− axis 
paraboloids
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Optics:    T = 40 K
Detector: T =   5 K

Beamwidth
   10 mm

Intermediate 
      focus

Camera

ZnSe
plate

50:50 Coating 

70 K radiation shield
40 K radiation shield

ÒIÓ¸Ô4ÕXÖy×QñLÙ��_ç�àT×�æ�é2ß¨Óeç³ð2ÓeégÔ4ÖyéOæ å«ä%ß©àF×'ÓºÞFîªß¨ÖªÕXæ�×gÞTßlÙ Ò�åOÖ=îrÓºæ�ïaè¸Ó �,çré2ß¨Óeå2Þöß©àF×²å���ëwé��4Ónî�ïTé2Ö�é4êrå2èzåOÓeðHîUí : éOÞað³í \ éOÖy×ðOÓnî¨ïaèzéOì4×�ð%é2î�èz×�ÞTîg×ªîgÙ

�Fxz���"p�vym`�4� ¡¢�Fxnu²����vy�T�B� �����g�ru'vy�F���4¥T¥7�P�wv�{FoFxzv«�ö|©�4�
�T�y�Lh4�X�Th4oT�%�P¥7�"��hOvyx`�4o��J¡¢�F� fUs«®�s�x`oTuwvy��{F���goLv.x`uJp�{F�yj
���goLv�mz�%x`o²h�p��P��� xnu�uwx`�4oFx`oF��¥F�ThPuw� ­��Fxnpr�'­�x`mzmGmnh4uwv�v��F�
|©{TmzmX�P�"hO�G� �P�4� �
	Q�¢­�x`mzmL´T�ruwv#�F��x`��¬T�
�X�Duypg�yx`�a�Iv��F��f%s«®�s
x`oTuwvy��{F���goLv�hOoT�'x¸vru�|©{ToTpªv�xz�Po�����|ºvy�"�.vy�FxnuJ­,��|©�Xp�{TuJ�4o
v��F��u�p�x`�goLvyxz´7p.�P¥7�"��hOvyx`�4o�¥T�y�Xp��D�X{F���"u}|©�P��f%s«®�s�hPu}vy�F�"�
­}�g����x`oU»F�g�T�y{Th4�y��� �4�P� |©�4m`mz�2­}�"���B��h�¥F���"uy�goLvrh2vyx`�4o��O|
uy�4���.��iFh4� ¥Tmz�Du¢�O|/�4�XvrhOx`oF�"��xzoLv��g�y|©�g���4����v��yxnp.�Fh2vrhF�

�F�È� � s«¤I»Å®�¤}¦T§ � s«kI¡¢sy�J£!�J»¯f%s«®�s

¡¢�T�Qx`oFxzvyxnhOm.hOx`� �4|�f%s«®�s�xnu�v��¯p��P���Fx`oF�'vy�F�Q�7�DhO��u
|©���4� �½vy�gm`�"u�p��P¥7�Du!v��gm`�"u�p��P¥7�DuóÉe­��Fx`pr� pgh4o*�7���gxzj
v��F�g�Û¶F���2� ¾�oFxzvÄ¡@�gm`�"u�p��4¥a�"u�Ée¾�¡�urÍ��P� � � ¶O�÷��{XiBj
x`m`x`h4�y�Î¡��"mz�Duypg�4¥a�"u!ÉM�G¡�u�ÍyÍª�³x`o½vy�F��� xn�BjtxzoF|©��h4�y�D��£�j
�7hOoT�¹­�x¸v��óh�uy¥ThOvyxnhOm��y�Duw�Pmz{Xv�xz�Poô�O|Q{F¥ôv�� �"� ��xzm`mzxzj
h4��p"uw�Dp��PoT�Fu%hOo7� hÀ��h2iXxz��{F� uy¥a�"pªv���h4m����"uy�4m`{Xvyx`�4oÛ�O|
� �4� �ÅÉe���gx`oF�g�yv���vD�<hOm¨�I� �4�P� Í�sloLvy�"�w|©�"�y�P����vy��xnp��4�Tuy�g���2h2j
v�xz�PoTu�hOv�vy�Fxnu�uy¥a�"pªv���h4m_�y�"�4x`���
p��4���Fx`oF�.vy�F���Xx���pg{Fm¸v�xz�Du
�4|�vy�T�����gmnh2v�xz�P�gm`��oF�"­·x`oPv��g�y|©�g���4����v��yxnp¢v��"pr�FoFx�
L{F�"u}­�xzvy�
v��F�'¥T�y�P�Fmz�"��u��O|��2�4�"��pg�4��xzoT�'v��F�'uwvy���4oF�Sh4oT���Fx`�4�Fm`�
�2h4�yxnhO�Fm`�Sv��F�g����hOm �Th4prqB�P�y�P{FoT�Û­��Fxnpr��hO���Sv«�B¥Fxnpgh4m��O|
v��F�g����hOm¢x`oX|©��h4�y�D�¼�4�7uw�"�y�2h2v�xz�PoTu"�¼¦X�4����|©{Fo7pªvyx`�4o7u�mzx`q4�
v��F�S���X�X{Fmnh2v�xz�PoÄ�4|�v��F�S�4¥FvyxnpghOm�¥7h2vy� �Xx����g���goTpg�SpghOo
�a�%�X�4oT��h2v����L�P�°vy�g��¥a�g�rh2v�{F�y�P�<�F{Xv��a�"hO�*pg�4���Fxzo7h2j
v�xz�Po h4oT� x`o!¥ThO�yvyxnp�{Tm`h4�Uvy�T�Æ�X�gvy�Dpªvyx`�4o��O|�vy�T�¯x`oLvy�g�yj
|©�"�y�P����vy��xnp�uyxz�PoThOm}�ThPu
v��Q�a���F�4oF�=h2v�p����4�4�P�goFxnp�v��g� j
¥a�g�rh2v�{F���"u��F{F�%vy�Svy�F��� vy�T�g����h4m�­¢hH�4�"mz�"oF�Ov����F�4��hOx`o��
fUs«®�s���uGp��Pm`���4¥Xv�x`p"hOmB�7�"oTpr���4pg�4oLv�h4xzoTxzoF��vy�F�¢��hOx`o�¥7hO�yv�u
�4|%vy�F�b�4¥Xv�x`p"ubÉM�Jmnh��"�goB�a�4���Ojl�.mz{Xvyvyx`���gv"�<h4mM�<� �P�4� Í���xnu
v��F�g����|©�P�y�,���4{FoLvy�D�
x`oTuyx`�X�¢h�pg�y�P�Puwv�hOv"�Hp��B�4m`�"���B�����"h4oTu
�4|}h�p�m`�Puy�"�'pg�Xp�m`� pg�L�Pmz�"��v���h4�7�P{Xv.Ã � � |©�P�Jvy�F���4¥Fvyxnpgu

hOoT�¯�X�2­�oSv��QÃL�Î|©�4��vy�F�%�X�gvy�Dpªvy�P�"�S»#x`�T�¯�Quy�F�2­�u�h
uypr�F�"��h2vyxnpU�XxnhO�P��h4�*�O|.v��F�Ux`oTu«v��y{T� �"oLv"� ¤IhPpr�Æ�a�"h4�
vy�rhOoTuy��x¸vyvy�"�'�B�=vy�F� µ��X¡¢s�x`oX|©�rh4uwvy��{Tpªv�{F����Éºv��gm`�"u�p��4¥a�"u"�
�X�gmnhH��mzx`oF�Dug�O�a�"h4�!p��P� ¥T�y�Duyuy�4�ru��gv�pO��Í�xnu#¥Th4u�uyxzoF�Jh2v/´T�ru«v
h%uw��hOm`m<x`oTuwvy��{F���goLvwjtxzoLv��g��oThOm<�X�"m`hH�'mzx`oF�4��¡¢�F�"uy��¥Fx`���g�
�X�yx`�4�"o%�X�gmnhH��m`xzoF�Du�hOm`mz�2­Ûh ´ToF�
hP�HÊ«{Tuwvy���goLv��O|#vy�T���4¥Xj
vyxnpghOm¢¥ThOvy�Å|©�4� |©�yx`oF�P��v���hPprqLx`oF�'h4oT�Åu�pgh4oFoFx`oF�T�¼��|ºvy�g�yj
­}h4���Fu�v��F��mzx`�4�Lv.x`uJ�goLv��g��xzoF��vy�T��pg�4mn�'�X�"­}h4��hOoT�'�4�B�"u
vy�F���4{F�P�²h=pg�4mn�'¥F{T¥Fxzm,hOoT�³h=p��Pm`�'´T�gmn�²u«v��4¥³�7�g|©�4����x¸v
x`u��y�Dh4pr�Fx`oF�%v��F���a�"h4� jtpg�4���TxzoFx`oF�U{ToFx¸vD�QsloSvy�Fxnu {FoFxzv"�
vy�F��pg�4�F�"�y�"oPv<pg�4���TxzoThOvyx`�4o�v�hOqP�"u/¥Fmnh4pg�¢�L��uw{F¥a�g��¥a�PuyxzoF�
�7�4vy���a�"h4��u@hOv#h�� ��� Ë�� ��� �a�"hO� uy¥Fm`x¸vyvy�g�Guy{F�y|eh4p��P��¡¢�F�
v«­,�J�y�Duw{Tm¸v�xzoF�Jx`oPv��g�y|©�g���4����v��yxnp<�P{Xvy¥T{Xv/pr�7hOoFoF�"m`u/h4�y�,xz� j
hO�4�D���4o�vy�F�
�F��vy�Dpªv��4�D�<sloTuwvy��{F���goLv�u�{7uwx`oF��vy�Tx`u�¥F�yx`oTpgx¸j
¥Fmz��|©�P��v��F�%p��P���Fx`oTh2v�xz�PoÅ�4|�vy�F�=�a�"h4��u�h4�y�=uw�4jtp"hOm`mz�D�
Áyk<{T¥Fxzm#k<mnhOoF��sloLv��g�y|©�g���4����v��g�ruyÂT�¢��¥Xv�xz�PoThOm`mz��h�¥Th4�wv��4|
vy�F��mzx`�4�Lv�p"hOo%�a����iBv���hPpªvy�D�=�7�g|©�4���
�goLv��g��xzoF��v��F���a�"h4�
p��4���Fx`oF�g�D�¼¡¢�Fx`u�h4mzm`�2­�u�v��F��¥T�F�Ov��4����v��yxnp����4oTx¸v��4��xzoF�
�O|_vy�T��x`oTp��P� x`oF�
�a�"h4��uG|©�4�}h��a��vwv��g�¢pgh4mzx`�F�rh2vyx`�4o��4|_vy�F�
xzoLvy�"�w|©�"�y�P����vy��xnpUuwx`�4o7hOm¨� ¾�¥bvy�Åvy�F�²�7�DhO�Ñp��P���Fx`oF�"�"�
vy�F�¼uy�Buwvy�"�Ñx`u�¥F{T�y�"mz������¬T�Dpªvyx`�4�²hOoT�ÄhOm`m.�4¥Xv�x`p"hOm.�gm`��j
� �"oLv�u�h4�y�.x`o�¥7hOx`��u"�X�4oF��uy��v�|©�P���"h4pr���a�"hO�=�<��|ºvy�g��vy�F�
�7�DhO�*p��P���Fx`oF�"�"�Gv��F��xzoLvy�"�w|©�"�y�P����vy��xnp�hOo7�S¥F�F�4vy�P� �gvwj
�yxnp��a�"h4��u,¥7h4u�u<v��F�y�P{F�4��vy�F��u�hO��������|©�rh4p�vyx`�4���"mz�"� �"oLv�u
�O|�v��F�%pghO���"��h%�a��|©�P�y��vy�T�g�¼���"h4pr�Svy�F�%�X�gvy�"p�vy�P�"�¼»#xzmzj
vy�g��h4oT�Å�Xxnuy¥7�"��uyxz�P���"mz�"� �"oLv�u�|©�4��uy¥7�Dpªvy�rhOm�h4oThOm`�Xuwxnu
�4|
vy�F��uyxz�PoThOm<p"hOo²�7��x`oTuy�g�yvy�"�²x`oLvy��vy�F���a�"h4�Èxz|¢�X�Duwx`���"�_�
�Ûuy¥a�"p�xnhOm�pg�4��¥Fm`x`p"h2v�xz�Po�xnuIv��F��hOm`xz�PoF���goLv¢�O|�v��F��f%s«®�s
p��4mn�.�4¥Fvyxnpgu"�D­��Tx`pr��xnu��X�PoF�IhOv��y�B�P�·vy�"��¥7�"��hOvy{F���<h4u�vy�F�
�X�"uyxz�Po��O|_v��F�.p��4mn���a�goTpr��x`u}uw{7pr��vy�ThOv,oF� h4�HÊ«{7u«v�� �"oLv�u
hO����¥a�Pu�uwx`�Fm`�.­��F�go�vy�F�
pg�y�P�Puwv�hOv,�ThPu¢�7�"�go=p�m`�Puy�"�_�G¡¢�F�
´ToThOm¢���"uy{Fmzv �4|�vy�F�=hOm`x`�4oF���goLv �F�2­,�"�4�"��xnu�oT�Ov�qLoT�2­�o
{FoLvyx`m�v��F�Qpg�y�P�Puwv�hOv��Th4u��7�"�goÄpgmz�Luw�D�ÀhOoT�Æv��F�²xzoTuwvy��{Xj



�

ãTéPê�è`× ØPÙ�Ú�ÜyÝ�Ü�ãT×gæ�ï�èzé2ßl×�î
ßt×�îªßt×rð�ÓºÞ%Ò�×Dê"Ù�ñBò4ò��

k � ¤,¦F¤I¡ uy�goT�Xx`oF� vy�"mz�Duypg�4¥a�"u}v�� �P�XÊ«�"p�v

®J¤I»X��¾��X¡Ä£.�J® oF�X�F�Xx`oF� vy��uy�F�2­
�ThPprqL�P�y�P{FoT�Bjluy{F�Xvy�rh4p�vy�D��´T�gmn�

®J¤I»X��¾��X¡ § � �Jk pr�F�P¥F¥Fx`oF� vy��uw�T�2­
�ThPprqL�P�y�P{FoT�Bjluy{F�Xvy�rh4p�vy�D��´T�gmn�

��§��!£J�J® p��"oLvy�g��x`oF���4|#�P�XÊ«�"p�v
x`o��a�Ov��=�7�DhO��ug�XoT�B�T�XxzoT�

��§�� § � �Jk p��"oLvy�g��x`oF���4|#�P�XÊ«�"p�v
x`o��a�Ov��=�7�DhO��ug�Fpr�T�4¥F¥Fx`oF�

k � �J¡��JfU¤,¡ ��� ¥F�F�4vy�P� �gvy��x`pJ���"hPuw{T�y�"� �"oLv
�O|@vy�F�
uy�4{T��pg�

» � s«£J�.¤·¦X¤I� � § � |©��xzoF�P��uw�DhO�rpr���B��u�pghOoToFxzoT�
�4¥FvyxnpghOm_¥7h2vy�%�Xx����g���goTpg�

» � s«£J�.¤À¡ � ��§}� vy�Tx`u�xnu}vy�T�
h4pªv�{ThOm
���"hPuw{F��x`oF�����X�X�

���"oPv�xnu��P¥7�"��hOvyx`oF� hOv�p����4�P�4�goTx`p�vy�g��¥a�g�rh2v�{F�y�Dug�
¡¢�T�,���"hPuw{T�y�"� �"oLv@�O|Tvy�F�}�Bx`uyxz�Txzm`x¸v«��xnu#�y�DhOm`x��"�"���B�.���X�Bj
{Tm`hOvyx`�4o��O|�vy�T���4¥Xv�x`p"hOmF¥ThOvy��m`�goF�4vy��x`o �PoF���a�"hO� �B��{Tuwj
x`oF���4oF���O|Gvy�T��uy��h4mzm#¥Fx`���"�Ojl�X�yx`�4�"o%�X�gmnhH�=mzx`oF�"u"��®��4x`oF�
v��Fxnug��p��PoTu«v��y{7pªvyx`�4�
h4oT�%�X�Du«v��y{Tp�vyx`�4�
x`oLvy�"�w|©�"�y�"oTp����Xpgpg{F�
v��g��¥a�4�rhOm`mz�Åuy�g¥7hO�rh2vy�D�Sx`oÅv��F�%x`oPv��g�y|©�g���4����v��yxnp��4{Xv�¥F{Xv
pr�7hOoFoF�"m`u"��¡¢�F�²p��PoPv���hPu«v�xnu�¥F�y�P¥7�P�wv�xz�PoThOm�vy�Sv��F�'�P�Xj
Ê«�Dpªv
�Bxnuwx`�Fx`mzxzv«�%|©�4�
h��4x`�4�"o'�ThPuw�"mzx`oF�P� ®�{F��vy�={Fo7hH�4�4xn�Bj
h4�Fm`��x`oPv��g��oThOm}p��P�F�g���goTpg��mz�Luyu��O|�v��F��x`oTp��P��xzoF�'�7�DhO��u
v��F�¼p��PoPv���hPu«v�x`u�oF�"�4�g� �"�P��� �g�P�goÀ|©�P�=¥7�PxzoLv%uw�P{F��pg�"u
h4oT�=��{7u«vJ�7��p"hOm`xz�T��hOvy�"��v��F�g����|©�P�y�P��»@x`oT�Xx`oF��v��F� �"�g���Oj
�Jk,® ¥a�Puyx¸v�xz�Po�h4oT��u�pgh4oFoFx`oF� vy�F��x`oLvy�"�w|©�"�y�"oTp��J¥Th2vyvy�"�yo
É©vy�F��ÂO|©�yx`oF�4��¥Th4prqP��vrÂPÍG�7h4u,vy� �7�J¥a�g�y|©�4��� �D���B��h�pg�4� j
¥Tmz�gibp��4oLv��y�Pmzm`xzoT�¯uy�Buwvy�"�=�ù¡¢�Tx`u=uy�Buwvy�"�Ñ�Th4u�vy�Æ���"h4�
v��F��uyxz�PoThOm_�Po�vy�F�
�X�gvy�Dpªvy�P�"�Fvy��hOo7hOm`���"�.x¸v�x`o%�y�DhOm�v�xz���
h4oT�'vy�%�X��xz�P��v��F���X�gmnhH�%mzx`oF�Du.¥F�y�P¥7�"�ym`�4� ¦Bxzo7p�� vy�F��pg�Oj
�T�g���goTpg��v�xz�����O|<v��F��h2vy���Luw¥F�T�g����h2vJvy�T� ��xn�BjtxzoX|©�rhO���"�
�rhOoT�4�²x`u%�X�2­�obvy� �"�P� ��u"��v��F�Sp��P�y���"p�vyx`�4o·��{Tuwv=�a�
�F�4oF���4oùhöuw�T�4�yvy�g�²v�xz���Àuyp"hOm`�4�Ïf%s«®�s²uy�O|ºv«­¢hO���Åxnu
mnhO���4�"mz�%�X�"�4�"mz�P¥7�D�'h4p"p��P���Xx`oF��vy�%¤,¦T� uwv�h4oT�Fh4���FuJ­�xzvy�
uy�4�����X�g�Bxnh2vyx`�4o7u��X{F��vy�'vy�F��uw¥a�"pgx`h4mIoThOvy{F�����4|�f%s«®�s
ÉM�¢hOqBq4�"�}�gv"�Ih4mM�<� �4�4� Í���¡¢�T��h4uwvy���4oF�P���g�.´Tm`m`u
xzo³v��g� j
¥Tm`hOvy�"u}{Tuyx`oF�
v��F��k}�OkIkSxzoLvy�"�w|ehPp���hOv}�Tx`u,����p���mz�Xp"h2vyx`�4o
h4oT�ShPu�h%���"uy{Fmzv
|©{Fm`mz�¼�X�g´ToF�"u�vy�T���4�7uw�"�y�2h2v�xz�Po³¥F�y�Xpg��j
�F{F�y�.|©�P��f%s«®�s}hOv�kGh4��h4oThOm�x`o�v��Th2v���h4oFoF�g�D�

� �ÌfUs«®�sª¿�¦U�J��¦X¤ � µ�s«£���k � ��§}¤I®J¾ � ¤,¦

¡¢�T�Îu�p�x`�goLv�x¸´7p��P¥7�"��hOvyx`�4o(¥T�y�Xp��D�X{F���"u xnu høuy��v �O|
¥T�y�gjt�X�g´ToF�D�!���X�X�"u"��­��Fx`pr���Th4u²�a�g�go �X�g�P�gm`�4¥a�"�!|©�4�
v��F�
x`oTuwvy��{F���goLv�hOo7��xnu�uy{F¥F¥a�4�yvy�D���B��vy�F��pg�4oTuy�4�yvyx`{F�=�
¡¢�T�Ûu�p�x`�goLvyxz´7pb�4¥a�g�rh2vyx`�4o¹� �X�X�DuS|©�P�ÆfUs«®�sÅp"hOoô�a�
�Fxz�Bxn�X�"�¯xzo¯v«­}�²p"h2vy�"�4�P�yx`�"u�Éek<� �g�B�P�B�T�Fh��gv"�<h4mM�I� �4�4� Í�Ë
v��F�Puy�.xzo�­��Fxnpr��v��F�.mzx`�4�Lv�xnu��Xx`uy¥a�g�ruw�D��hOo7��­¢hH�4�"mz�"oF�Ov��
�F�g¥a�goT�=|©��x`oF�4�Du�hO���
�X�gvy�"p�vy�D�_�ah4oT��vy�T�Puy�
xzo'­��Fx`pr�=v��F�
m`x`�4�Lv<xzoLv��g�4�rh2v��"���2�4�"�@v��F��­¢hH�4�gm`�goT�Ovy���ThOo7��xnuG{Tuy�"���@slo
�a�Ov���pgh4uy�"u@v��F��f%s«®�s@¥Fx`���"��¥T�y�2�Bxn�X�¢� �X�X{Tm`hOvyx`�4o �O|Tv��F�

uwx`�4oTh4mJh4oT��v��F�'µJ�X¡¢s���hOx`ob�X�gmnhH�Æmzx`oF�"u=pg�4��¥7�"oTu�h2vy�
|©�4�¢vy�T�
¤IhO�yvy��¿ u¢���Ovrh2vyx`�4o��
§,{F�y���goLv�mz� vy�T�Ä�ThPuwxnpÀ���X�X�"u¯|©�P�Svy�T�ÄoF�PoXjl�Xx`uy¥a�g�ruw�D�
�4¥a�g�rh2vyx`�4o ÉM¡@h4�Fm`�ó�4Í�hO���ùvy�"uwvy�D�*�X{F��x`oF�½vy�T�ô´T�ru«v
p��4����xnuyuyxz�PoFx`oF�Ä��{FoTu"�Ï¡¢�F���4�Ph4m�xnu²vy�ö�giB�Dp�{Xv��Ævy�F�
�Xx����g���goLv����X�X�"u x`o¯hOoÆhO{Xv��4��h2v�x`p�­¢hH�³pg�4oLvy���4m`m`�"�¼�B�
vy�g��¥Fmnh2v��"u"�À»F�4���giXh4��¥Fmz��v��F�%hO{Xv��4��h2v�x`p�¥7�PxzoLv�xzoF�³�4|
vy�F�bvy�gm`�"u�p��P¥7�Dug��vy�F�Ämzx`�4�LvÅx`o2Ê«�Dpªvyx`�4oùv�� vy�T�·vy{ToFoF�gmnu
hOoT�!vy�F�Àh4�2Ê«{Tu«v����goLv²�4|�vy�T���F�gmnhH�Ûm`x`oF�"u²�ThH�P�Å�a�g�go
vy�"uwvy�D�óuy{Tp"p��"u�uw|©{Fmzm`�ÌÉºv��g��¥Fmnh2v��!k � ¤}¦X¤I¡�Í�� f%s«®�sÅxnu
hOoù£ �7hOoT��xzoLvy�"�w|©�"�y�P����vy�"�"� �F{XvSx`o��P���F�g�²vy�Û¥7�PxzoLv
vy�F��v�h4�y�P��v�u�h4p"p�{F�rh2v��gm`�4�7fUs«®�s��7h4uJhOmnuw��uy�4���
x`��hO�PxzoF�
pghO¥7hO�Fx`mzxzvyx`�"u"� ¦X�4���'¥a�4x`oLvyx`oF�Sv��"uwvyx`oF�Pu�­�x¸v��·oF�X�F�Xx`oF�
hOoT�¼pr�F�P¥F¥Fx`oF�%�ThH�P� �a�g�"o¼{FoT�X�"�wvrhOqP�go³�4o¼h�|©�g­ uwv�h4��u
�X{F��xzoF��vy�T�,´7��uwv/fUs«®�s#p��4����xnuyuyxz�PoFx`oF����{Fo��O|7»T�g�F��{ThO���
� �4�P� �S¡¢�F��v��g��¥Fmnh2vy�Du���§�� £J�J®½hOo7�¯��§�� § � �Jk
hO���²�X�Duwx`�4oT�"�Àv��Æpg�goLvy�"��vy�F�³u«vrhO�=�4obvy�F�³��xz�P�Lv�¥FxziX�gm
xzoùh·|©{Tmzm`� h4{Xvy�P��hOvyxnpÅ­¢hH�4� ¡¢�T�¯v��g��¥Fmnh2v��¯|©�P�²vy�F�
¥F�F�Ov��4����v��yxnp����Dh4uy{F�y�"���goLv<�O|_v��F���P�XÊ«�"p�v�Éek � �J¡��Jf=j
¤I¡ ��� Í}hOo7��vy�T�.uy�"h4��pr��|©�4�}vy�F�J|©��xzoT�4��uyx`�4oTh4ma�B��h�´ToF�
h4�HÊ«{Tuwvy���"oPv��O|�v��F���F�gmnhH�Qm`xzoT�"u�Ée» � s«£��.¤ù¦X¤,� � § � Í
�ThH�4�Æ�X�g���4o7u«v���hOvy�"�!vy�F�"xz�²|©{Fo7pªvyx`�4o7hOm�� ��p�x`�go7p��4�Ñslo
vy�F�buy�Ojlpgh4mzm`�"� uw�"m¸|=|©��xzoT�4�Ævy�rh4prqBx`oF�ö� �X�X�!ÉM» � s«£��.¤
¡ � ��§}�
Íª�¼f%s«®�sª¿ uùpg�4oLvy���4m`mzx`oF�Èuy�Xu«v��g� xnu h4�Fmz�¹vy�
p��4��¥a�goTu�h2v��%vy�T�²�JkI®�j¨�2h4�yxnh2v�xz�PoTu�xzoLv��y�X�X{Tpg�"���B�¯vy�F�
¤IhO�yvy��¿ u�h2v�� �Luw¥T�F�g���Qh4oT�Àv��Åq4�"�g¥bvy�F�Q|©�yx`oF�P�'¥ThPprq4��v
u«vrhO�Fm`�4�

ZCMa (120 Jy): peak
200 counts/frame

Tunnel background:
48000 counts/frame

Sky background:
36000 counts/frame

Ò<Ó¸Ô4ÕXÖy×��PÙ*èz×eärß��
	�é��ÎÓºæ�égÔL×ªîÅå«ä³ß©àF×Åß
�Iå�ÓºÞTßl×�Ö©ä�×gÖyåOë
æ�×gßMÖªÓeçQå2ÕXß¸ïaÕXß�çràFéOÞTÞa×gè�îUð2ÕXÖªÓºÞBÔÅé2ÞbåPêªîg×gÖ��HéOßMÓeåOÞÛåwä��
� Ú'éPÙ�ã�àF×�îªÓ¸ÔOÞ�é2è@Ónî
ðPå2æ ÓºÞaéOßt×rð�ê�ì�êréPç��"ÔOÖ�å2ÕXÞað�ÖyéPð2Óeé2ë
ßMÓeåOÞJärÖyåOæùßºàT×�î��Oì����2ëwØPò�� ��� é2Þ�ð
ß©àF×�á�âIã7Ü�ßMÕXÞ7Þa×gè��«Ø �
�!��� ÙGÖªÓ¸ÔHàBß��%ã�àF×�åPê#"g×rçgß�êr×�çråOæ�×�î$�DÓnîrÓeêgèz×�éwärßt×gÖ�îrÕTêgß¨Öyé4çgë
ßMÓeåOÞQå«äJß©àF×
êré4ç%�"ÔOÖyåOÕXÞað�ÕBîªÓºÞBÔ�ß©àF×
çràFårï4ïaÓºÞBÔ
ïaÖyåDçr×�ðOÕXÖy×DÙ
�#& �ªïTåHîªÕXÖy×�ß¨Óºæ�×'�.Ø4Ù(��æ�î*)DärÖ�é2æ�× �

¡¢�F��´T�4{T�y�Du � vy�U��xzm`m`{Tu«v���hOvy��v��F��xzoLv��g�y|©�g���4����v��yxnp �4�Xj
uw�"�y�2h2v�xz�Po��O|�+=§}fUh�{TuyxzoT�.vy�F� �D�4� ���ThPuw�"mzx`oF���a��v«­}�g�go
¾�¡ � hOo7��¾�¡ � �X{F��xzoT��v��F��oFx`�4�Lv��O|G»F�"���,�OÃOvy��� 	À�Fx`mz�
vy�F�Q��h4xzoÀµJ�X¡¢s��X�gmnhH�Åm`xzoT�Ux`u����2�Lx`oF�Suwvy�"¥L­�xnuy�%xzobh
��h4oF�4�}�O|7h�|©�g­¯��xzm`mzx`����v��g�rug�4fUs«®�sª¿ u/¥Fx`���g�4jt�F�yx`�4�"o��X�gmnhH�
mzx`oF��xnuG¥a�g�y|©�4��� x`oF��uy��h4mzm7h4�F�Xxzvyx`�4o7hOm`mz��u�pgh4oTu/�O| � � � � xzj
p����4o��"hPpr���@�}v@vy�F�,¥7�Luwxzvyx`�4o�­��F�g���Gvy�T�,�P¥Xvyxnpgh4m4¥ThOvy���Xxz|ºj



Ã

|©�"�y�"oTp��
Ét�JkI®.Í/�a��v«­}�g�go v��F��v«­}�Jx`oLvy�"�w|©�"�y�P� �gvy��x`p¢h4�y��u
xnu�h4mz���Puwv �g�"�y�7�<vy�T�Up��4�����gmnh2vy�D�¼¬T{FiS|©�y�P�*v��F�%�4�XÊ«�Dpªv
�a�"pg�4���"u��F��vy�DpªvrhO�Fm`�.xzo�vy�F��uy{F�Xv���hPpªvyx`�4o��O|�v��F�Jv«­,� x`oXj
v��g�y|©�g���4����v��yxnp%�P{Xvy¥F{Fv�pr�Th4oFoF�gmnuU� ¡¢�F�Qh4� ¥Tmzxzvy{T�F�'�O|
v��F�
|©��x`oF�4�
¥7h4prq4�gv�x`u�¥F���4¥a�4�yvyx`�4oTh4m�vy��v��F�
�P�XÊ«�"p�v�u��Bxnuwxzj
�Txzm`x¸v«���T{Xv¢h�pgh4�y�g|©{Fmap"hOm`xz�T��hOvyx`�4o�xnu,oT�"p��Duyu�hO���
v����P�Xv�h4xzo
h4�Tuy�4m`{Xvy���2hOm`{F�Dug�/¡¢�F�g����|©�P�y�}v��F�����"h4uy{F���g���goLvG�O|_h.����|ºj
�"�y�"oTp���uwv�h4��­�x¸v��³qLoT�2­�oQ�Bxnuwx`�Fx`mzxzv«�'�ThPuJvy�%�a���X�4oT��xzo
hP�F�Xxzvyx`�4o��

ÒIÓ¸Ô4ÕXÖy×��7Ù�ã�àF×��IíGÝ�æ�åDð2ÕXè`é2ß¨Óeå2ÞUð2ÕXÖªÓºÞBÔ ßºàT×Gï�ÖyåDç�×rðOÕXÖy×
åwä�ärÖªÓºÞBÔP×Qîg×ré2ÖyçràBÓºÞBÔPÙÇã�àF×²æ�é2ÓºÞ�á�âIã7Ü²ð4×gèzéOìÅèWÓºÞ�×²Ónî
æ�å��DÓºÞLÔ�îªßl×tï �GÓnîg× �@àBÓºèz×�Ú�ÜyÝ�Ü�� î�îªæ�éOèºèOï�Óe×��Då�ð2ÖªÓ(�2×gÞ%ðP×�ë
è`é2ì�èWÓºÞ�×#ïT×�Ö©ä�åOÖªæ�î � �2×�ÖyéOæ�ïaî �GÓºß©à�éOÞ�é2æ�ïaèWÓºß¨ÕTð4×Jå«ä�Ø2ñBò
æ ÓeçgÖyå2ÞÀé2ß.×�éPç�à¼îªßt×lï_ÙÀã�àF×
ï�Öyå"çr×rð2ÕXÖ�×�éOèºèzå��/î�é�ärÖªÓºÞLÔL×
îg×ré2Ö�ç�àUÓºÞ²é�Öyé2ÞBÔP× å«ä.æ�å2Öy×�ß©àFé2Þ³Ø�æ æ!ïT×gÖ�æ�ÓºÞ7ÕXßt×DÙ

ÒIÓ¸Ô4ÕXÖy× �PÙ�ã�àF×�ÓºÞTßl×gÖ©ä�×�ÖyåOæ�×gß¨ÖªÓeç¢îªÓ¸ÔOÞ�é2èTåPê�ßlé2ÓºÞ�×�ð�ê�ìJîªÕTêgë
ß¨ÖyéPç�ß¨Óeå2Þ å«ä'ßºàT×'ß
�IåÆå2ÕXß¸ïaÕXß�ç�àTé2ÞTÞ�×�èWî'Þa×ré2Ö'ßºàT×��D×gÖyå2ë
�IíGÝÀïTåHîªÓºßMÓeåOÞaÙ�ã�àF×�ÕXÞaçråOÖªÖy×�è`é2ßl×�ð
	}Õ ���«êré4ç%�"ÔOÖyåOÕXÞað � Ónî
çréOÞaçr×�è`×�ð �@àXÓºèz×.ß©àF×�çrå2ÖªÖ�×�èzéOßt×rð�	}Õ ��Öy×gæ�éOÓºÞFîJé2îJé}ärÖªÓºÞLÔL×
ïTé4ç%�P×�ßlÙ½ãaàT×³ç�åOÖªÖy×�îMïTå2Þ�ð2ÓºÞBÔ¯ðP×�èzéOìSèWÓºÞ�×Uæ�å��2×�æ�×gÞTß Ónî
îyàTå��GÞ²ÓºÞ �@Ô4ÕXÖy×��7Ù

ÃT�Ì®�sw¦Xk,¤ � ¦X¤,®!fQ�J®J¤

fUs«®�s.xnuJvy�F��´7��uwv�xzoLvy�"�w|©�"�y�P����vy��xnp�x`oTuwvy��{F���goLv�|©�4�.v��F�
��xn�BjtxzoX|©�rhO���"�Èuw¥a�"p�vy�rhOm²�y�"�4x`� � ­��Fxnpr�ÈhOm`mz�2­�ub�F���Ph4�
�7hOoT���4¥a�g�rh2v�xz�Po�xzo�vy�T�.£�j¨�7hOoT��|©�y�P�ô¶
v�� �D� ��xnp����4oTu"�
»T�4�}vy�T�.uy¥a�"pªv���h4m_hOoTh4mz�Xuyx`u,�O|�v��F��uwx`�4o7hOm��4oF�J�O|�vy�go=�Xxz|ºj

Ò<Ó¸Ô4ÕXÖy×
�4ÙZã�àT×²îªÕDïF×gÖ¨ïFå2îªÓºßMÓeåOÞ åwä � �H× ärÖªÓºÞBÔP×�ïTé4ç%�4×gßMî
é2Það�ßºàT×�ÓºÖ�é��H×gÖyé"ÔP×��tßºàXÓeç���èWÓºÞa× � ïaèzåOßMßl×rð�é"ÔPéOÓºÞFîªßIß©àF× å�ï�ë
ßMÓeçré2èOïFéOßºà�ð2Ó ��×�Öy×gÞaçr× ���IíGÝ � Ù<ã�àF×��GÓeðOßºà�å«ä�ßºàT×/ïTé4ç%�4×gßMî
ð4×lïF×gÞað2î�å2Þ³ß©àF×�î¨ïT×�çgß¨Öyé2èGêré2Það��GÓeð2ß©àLî�å«ä�ßºàT× ÕBî�×rð �<è¸ßt×gÖ
�©àT×�Ö�×�ärÕXèºè�� êré2Þ�ð � �@àBÓºèz×�ß©àF×�éOæ�ï�èWÓºß¨ÕTð4×�Ónî�ï�Öyå�ïTå2Öªß¨Óeå2Þ�é2è
ßtå�ßºàT×�åPê#"g×rçgßeî �DÓnîªÓeê�ÓºèWÓºß¨ì4Ù

|©�g���goLv�´Tmzvy�"��u hOo7�³v«­,�Q�Xx`uy¥a�g�ruwx`�4���"mz�"���goLv�u hO����hH�2hOm`x¸j
hO�Fm`�,­��Tx`pr� pghOo��7�}x`oTuw�"�wv��"��xzoLvy��vy�F�¢�P¥Xvyxnpgh4mP¥ThOvy���/¡¢�F�
¥F�yxnuy� ¥F���2�Bx`�X�Du%h�uw¥a�"p�vy�rhOm
���"uy�4m`{Xvyx`�4oÛ�O|����������.�P�X�
vy�F�U�P�yxnuy�*�g�P�go�h³�y�Duw�Pmz{Xv�xz�PoÅ�4|����������.� �4� �·»#xz�P{F�y�
� uw�T�2­�uJvy�F��uy¥a�"pªv���h4m<���"uy�4m`�4�"�'¬T{Xi³�O|}vy�T��v«­,�%x`oLvy�"�wj
|©�g���4����v��yxnp²�4{Xv�¥F{Xv'pr�Th4oFoF�gmnu=x`obv��F�S�Xxnuw¥a�g�ruw�D�b���X�X�
É©�F�"�y�=�B�S{TuyxzoT�Qv��F�=¥F��x`uy��ÍªË�vy�F�=m`xz�P�Lv��4|��Dh4pr�¯pr�7hOoXj
oF�gm/xnu�uy¥F���"h4�%h4mz�PoF��v��F��iBjlh2iXxnu��4oUvy�F� �X��v��"pªv��4�D��¡¢�Fxnu
� �X�X��h4mzm`�2­�u�vy�F���Fx`�4�²hOoF�P{Fm`h4�����"uy�4m`{Xv�xz�PoQhOo7hOm`�Buyxnu��4|
vy�F�}uw�P{F��pg�<h2v@�Fx����g���goLv�­¢hH�4�"mz�"oF�Ov���­�xzvy�Fx`o�v��F�I£�jt�Th4oT�_�
�Çp���x¸v�x`p"hOm�¥a�4x`oPv%xnu�vy�F�Suwvy���4oT�Æh4oT�b���P�y�"�2�4�g��vyx`����j
�Hh4�yxnhO�Tmz�JxzoF¬T{F�go7p��J�O|�v��F�.¤IhO�yvy��¿ u¢h2v����Puy¥F�F�g����hOv}��xn�Bj
xzoX|©�rhO���"�Æ­¢hH�4�"mz�"oF�Ov��Tug�·¡¢�T�%��hH­�uw¥a�"p�vy�rh³xzoÆ´T�P{F�y�U¶
uw�F�2­Ûv��F��v«�B¥FxnpghOm`m`���Xx`¥'hO���4{ToT�=�F��� � xnp����4o%p"hO{Tuy�"�=�B�
vy�F��� �"�4oF���ThOoT���³��pgh4�y�g|©{Fm¢pghOm`x`�F��hOvyx`�4oS�4|�vy�F�%uy¥7�Dpªj
vy��{F� ­�xzvy�Àh¼uwv�h4oT�FhO�r�Æu«vrhO��xnu��"u�uw�"oLvyxnhOm
É©¥T�y�Xp��D�X{F���"u
|©�4�.�y�D�X{TpgxzoF�=f%s«®�sª¿ u�uy¥a�"pªv���h4mG�Fh2vrh�h4�y��p�{F�����goLvym`�={FoXj
�X�g�
�X�"�4�"mz�P¥F���goLvrÍ���¾�uyx`oF��vy�F���4�"�y�UhPpgpg{F��hOvy� ����vy�T�B�
�O|7�Xx����g���goLvyxnhOmBx`oPv��g�y|©�g���4����v��y�.�B��p��P� ¥7hO��xzoF��vy�F�¢p��P�y����j
m`hOvy�"��¬T{Xi�hOv��Xx����g���goLv¢­}hH�P�gm`�goF�4vy�Tu}h2v}vy�T�.u�hO����vyx`���4�
vy�F�
�X�gvy�Dpªvyx`�4o��O|#��iBvy�rh4uy�4mnhO�,¥Fm`h4oF��vru¢­�x¸v���fUs«®�s,� x`�4�Lv
�7�J¥7�Luyuyx`�Fmz�P�#»T�4�¢h
�X�gv�hOx`m`�"���Xxnu�p�{Tu�uwx`�4o��O|�vy�Fxnu}����vy�T�B�
vy�F�����"hP�X�g�/xnuG�y�g|©�g���y�D��v��.vy�F��h4�wv�x`pgmz��Â4®�x`�y�Dpªv<®��gvy�Dpªvyx`�4o
�O|}¦B{T�Tu«v��gm`m`h4�.���XÊ«�Dpªvru�­�xzvy�²f%s«®�s«Â��B�=k/�_¦Xpr�B{Fm`mz�"���gv"�
hOm¨�Gxzo�vy�Tx`u��P�4m`{F���4�

�X�°�J¾�¡��#���J�

®�{F��x`oF�³vy�F�=´7��uwv�p��4����xnuyuyxz�PoFx`oF�Q��{FoÆ|©��xzoF�P��vy�rh4prqBxzoT�
­}hPu�¥a�g�y|©�4�����"�À�PoÄhÆ���LhOo7uwqB�Àuw�P{F�rp��U­�xzvy�F�P{XvUhOoB�
¥F�y�P�Fm`�g��ug�a�F{XvJvy�T��m`xz��xzvyx`oF����h4�4oFxzvy{T�F���O|Gv��F� xzoTuwvy��{Xj
� �"oLvJx`o'uy�gmz|G|©�yx`oF�4�
vy�rh4prqBxzoT�����B�F��­�x`mzm#�7��oF�OvJ�7�gvwv��g�
vy�Th4o � �LhOoTuyqB�4�U¡¢�Fxnu�mzx`��x¸v x`u pgh4{Tuw�D�³��hOx`oFmz�³�X{F��vy�
vy�F���JkI®À�2hO��xnh2vyx`�4o7uGxzoLv��y�X�X{Tpg�"���B��vy�F��¤,hO�yvy��¿ u<hOvy���Oj
uw¥F�T�g���4��slo�|eh4p�v/fUs«®�s�xnu/hO�Fm`�,vy�.p��4��¥a�goTu�h2v��<v��F�¢�Hh4�yxnh2j
vyx`�4oTu,�B� ���"pg{F���y�"oPv,� �Dh4uy{F���g���goLv�uI�O|_v��F��hPpªvy{7hOm7|©�yx`oF�4�
¥7�Luwxzvyx`�4o¯vy�P�4��v��F�g��­�xzvy�Àh³p��P�y���"uy¥7�PoT�Xx`oF�QhP�HÊ«{Tuwvy���goLv
�O|#vy�F���X�"m`hH��m`x`oF�"u"�X�F{Xv�v��F�g����|©�P�¢vy�F��p��P�y���gmnh2v��"��¬T{Xi��4|
vy�F��uw�P{F��pg����{Tuwv��a��u«v��y�PoF�%�goT�4{F�P�Qv��U�a���X��v��"p�v�hO�Tmz�



�

ÒIÓ¸Ô4ÕXÖy×��DÙ�Ú�ÜwÝJÜrîIß
�Iå.å2ÕXß¸ïaÕXß_ç�àTé2ÞTÞ�×�èWî,ÓºÞ�ßºàT×�ð2Ónî¨ïT×�Örîg×rð
æ�åDð4×.ÕBîªÓºÞLÔ ß©àF×Iï�ÖªÓnîªæ �@àBÓeçrà�àFé2î.é�î¨ïT×�çgß¨Öyé2èaÖy×�î�åOèWÕXß¨Óeå2Þ
åwä�����������ñ �PÙQã�àF× î¨ïT×rç�ß¨Öyé2è/ÖyéOÞLÔL× Ónî��=ßlå=Ø��=æ Óeç�ÖyåOÞ��
îyàTå2Öªßl×�Ö �Ié��H×gèz×gÞLÔ4ßºàBî�é2Öy× å2ÞQßºàT×�ÖªÓ¸ÔHàBß}îªÓeð4×DÙ

­�xzvy�Txzo¼v��F��uy�F�4�yv�vyx`�����O|¢v��F��u�pghOo7ug��¡¢�F��uy�goTuyx¸v�xz�Bxzv«�
p"hOo¼�a��x`oTp����"hPuw�D�Q�B�²hO¥F¥Fm`�BxzoT�%��iBvy�"�yoTh4mG|©��xzoF�P��vy�rh4prqLj
x`oF�7�
��o7p��
v��F��|©�yx`oF�4��vy�rh4prqP�g�.Ò�ÖªÓºÞLÔL×gëlßMÖyéPç��OÓºÞLÔ�ÜªÞFîªß¨ÖªÕXë
æ�×gÞTß�å«ä���Ü"çr×%é2ÞaðÀã �¢ÖªÓºÞaå �eÒ#Ü ��ÜPã � � ­�xzm`m,�a�=hH�Hh4xzmzj
h4�Fm`� mnh2v��g�.v��Fx`u.�P�"h4�"��|©��xzoT�4��´ToT�Xx`oF�%hOoT�'vy�rh4prqBx`oF�=pghOo
�a��hPpgp��P��¥Fmzxnuy�F�"����iBvy�"�yo7hOm`mz��|©���4��f%s«®�s}­��Fxnpr�%hOm`mz�2­�u
v��F�¼p��P�F�g���goLv�x`oLvy�"�4�rh2vyx`�4ob�O|
v��F�²�F��vy�Dpªv��4�%uwx`�4o7hOm�|©�4�
|eh4xzoLv�hOoT�'mz�2­ �Bxnuwx`�Fx`mzxzv«�%uw�P{F�rp��"u"�.¡¢�Fx`uJ���X�X� �O|<�4¥a�g�yj
hOvyx`�4o=­�x`mzm@�7�
����|©�"�y���"��vy��hPu�Áw�giBvy�g��oTh4m�|©�yx`oF�4�.v���hPprqBxzoF�
���X�X�DÂF�%¡��P�4�gvy�F�"�
­�x¸v��³vy�F�����ôuy�Xu«v��g�ZfU��§}������xzv
xnu���iX¥7�Dpªv��"�=v���xzo7p����"h4uy�.vy�T��uy�goTuyx¸v�xz�Bxzv«���B�%h�|ehPpªvy�P���O|
{T¥³vy� �D�4� :"��sloSh=�4�"�y�'mzx`��x¸v��"�³oB{F���a�g���O|�pghPuw�DuJvy�Fxnu
��x`�4�Lv��a�Quy�go7uwxzvyx`�4�%�"oF�4{F�P��|©�4��vy�F�²�Xxz���"p�v��X�gvy�"p�vyx`�4o
�4|Iuw{7pr�=|ehOx`oPvJ�4�XÊ«�Dpªvru�m`xzqP�
��iBvy�rh4uy�4mnhO��¥Tm`h4oF��vrug��fUs«®�sª¿ u
¥T�yx`��hO������h4oF�4�J�O|/hO¥F¥Fm`xnpgh2v�xz�Po�p"hOo��7�.|©�P{FoT��±�oT��iBv¢vy�
�4vy�F�"��´T�"m`�Tu�m`xzqP�=|©�4��x`oTuwv�h4oTp��=v��F�Quwvy{T�F�¯�4|����.£�u�±
x`o=vy�T���4�Tuy�g���2h2vyx`�4o��O|/�4�P{FoF��uwvy�gm`mnhO���4�FÊ«�"pªvru�hOoT��v��F�gx`�
pgxz�rp�{T��uwvy�"mzmnhO���Xx`uyqXu
Ée���4¥a�����gv"�<hOm¨�<� �P�4� Íª��¦Bx`oTpg���XxnuwqXu
h4�y��v��F��¥Fmnh4pg��­��F�g����¥FmnhOoF�gv�u.|©�P�y�=�@fUs«®�s.­�x`mzm}uwx`�4oFxz|ºj
xnpgh4oLvym`�U��iBvy�"oT�U�P{F�.¥F���"uy�goLvJqBoF�2­�m`�"�F�4� �O|<v��F� vy�F��x`oXj
�P�4m`�4�D�Å¥F���Xp��Duyuy�"u"�Àf%s«®�sª¿ u����"uy�4m`{Xvyx`�4oÆ­�x`mzm��a�%x`o¯v��F�
�P���F�g�G�O|��.��¾·hOv � �P�À¥ap4�Ov��F���Xxnu«vrhOoTpg���O|avy�F��u«vrhO�/|©�4�yj
��hOvyx`�4o��y�"�4x`�4o�¡#hO{F��{Tuwjt��{F��xz�LhF�@¡¢�Tx`u¢��h2vrpr��x`o�uy¥ThOvyxnhOm
���"uy�4m`{Xv�xz�Po�­�x`mzm_��h4q4�Jx¸v�¥a�Pu�uwx`�Fm`�Jvy��pgh4�y�����4{Xv�h �Xx`�y�Dpªv
uwvy{7�X�U�O|Ivy�F� �4�"�4����v��y�=�O|Ivy�F��x`oFoF�g�J¥Th4�wvru��4|,p�x`�rp�{F� j
uwvy�"mzmnhO���Xx`uyqXug�,vy�T�gx`���4�"�4����v��y�P�,pr�F�"��x`p"hOm�pg�4��¥7�Luwxzvyx`�4o
h4oT���g�P�4m`{Xvyx`�4o��

��§}��£.� 	·�@¤I®.�.fU¤I£�¡�¦

	²�%v��ThOoFqÅvy�F�U¤}¦T�Èu«vrh �ÄhOv�kGhO�rhOoTh4mI|©�P��vy�F�"xz��qLx`oT�
uy{F¥F¥a�4�yv��X{F��x`oF���4{F����slµ!hOoT��p��P� ��xnuyuyx`�4oFx`oF���y{ToTug�
��m`uy� ­}��hPprqBoF�2­�mz�D�X�4�ÆhOm`m��4{T�Sp��4m`m`�"hO�P{F�"uQ|©���4� v��F�
fUs«®�s¼p��PmzmnhO�a�4�rh2v�xz�Po hOvÅ��¦X¡ � �J£ ®�­�x`oF�4�"mz�B�T�����gxzj
�F�go�������u«v��g�r�FhO�=��kGh4�yxnu«jlf%�"{T�X�4o��}£�x`pg�4� � �gxn�X�gm`�7�"�y�7�
»T�y�"xz�T{F�y�7�F¡@h4{Xvy�"oB�F{F����h4oT��¤,¦T���.hO�rpr�FxzoT�T�

���
	�	
�����������
���
������������������ �!"�#	
!"��$
���%���&�
���"$
���
��!"�#�
�����'!
(
)�*"*"* 	

Ò<Ó¸Ô4ÕXÖy×+�LÙ-,#Þaçré2è¸Óeê�ÖyéOßt×rðÅî¨ïF×rçgßMÖªÕXæÑå«ä � � Ú'é �lðPå2ß¨ßt×rð
èWÓºÞa× � éOÞað�&¢ßté � é2ÖªÓºÞ�é4× ��ärÕXèºèGèWÓºÞa× � Ù³ã�àT×�îªßMÖ�å2ÞLÔ%ÓºÞ 	}ÕXë
×�Þ�ç�×Jå«ä�ßºàT× &�é2Öªß©à � î�é2ß¨æ�åHî¨ïFàT×�Öy×.çré2Þ=êr×�îg×r×gÞ�é2ß#ß©àF×Jð2Ó ï
é2ÖyåOÕXÞað/.PÙ(�%æ�ÓeçgÖyå2Þ �@àXÓeç�à³Ónî�ÓºÞTß¨ÖyåDð2ÕTçr×rð=ê�ì�ßºàT×�å �DåOÞa×
ê�éOÞaðPÙ10Ççré2Öy×MärÕXè�çré2èWÓeêgÖyéOßMÓeåOÞ
�GÓºß©àÆßºàT×=î¨ïT×�çgß¨ÖªÕXæ å«äUé
îrßlé2Þ�ð4éOÖyð�îªßlé2Ö�Ónî�Þa×rçr×�î�îgéOÖªì�ßtå�é��HåOÓeð=é2Öªß¨Ó ä�é4çgßeîgÙ

� ¤I»/¤ � ¤I£J§}¤}¦

§��,���gx`oF�g�yv"��¾��¢�J�rh4uy�g���gv�h4mM�`��Â4¡@�goXjt��x`pg�y�Po�xzoTuwvy��{Xj
���goLvJfUs«®�s¢j}�4��vyvyx`oF�����"hP�X��|©�P���4�7uw�"�y�2h2v�xz�PoTu��Po=vy�F�
µ��X¡¢s«ÂT�T¦Xk<s«¤ÆÃL¶ � ¶T�X¶4� � jt� � Ã7�L� �P�4� h
�
� 	 �J�Jmnh��"�goB�a�4���Ojl�.mz{Xvyvyx`�T�.»}��k<� �g�B�4�X�F�ThF� � � � h2j
oF�"oL�T{F�y�7�I¦��<f%�P�y�"mM� �7� j 	 �Gk/�gm¨�IÂ � �"hOm`x �"h2v�xz�PoS�O|�vy�F�
f%s«®�s}pg�4mn���P¥Xvyxnpgu�ÂF�T¦Fk<s«¤ÆÃP¶ � ¶F� �P�H�B� j �P� ¶ � �P� �4�4�
¤�� �7���}h4qBq4�g�D��»}�@kI� �"�B�4�X�F�FhT�@���#§,�F�"uyoF�DhO{��#hOoT� 	 �
�Lh ���4�'Â4µ��X¡¢s¯fUs«®�s�uypgxz�"oLvyxz´7pÛ�4�Tuy�g���2h2vyx`�4oó¥F���Bpg��j
�X{F���"u�ÂF�T¦Fk<s«¤¯ÃP¶ � ¶F�X� � �Hjl� � �F�X� �4�P�
�J�P���4¥a���4�X§,���P���gx`oF�g�yv"�L¾
�B�J��hPuw�"�G��v,h4mM�`�LÂP¡¢�F��h4uwvy���Oj
¥F�B�Xuwxnpgh4m�¥7�4vy�goLv�x`h4m`u¢�4|�vy�T�
f%s«®�s,µ��X¡¢s}xzo7u«v��y{F���"oPvrÂF�
¦XkIs«¤¯Ã �4� �F�X�2Ã j,� � �F� �4�P� �
»}�@kI� �"�L�P�X�F�FhF�@���/§,�F�"uyoF�"h4{��@¾��#�J�rh4uy�g�D�#§,���#���gx`oXj
�g�yv"�X¦��Bf%�4���gm¨�BÂOsloLvy�"�w|©�"�y�P� �gvy��x`p¢�P�Tuy�g���HhOvyx`�4oTuIh2v,��xn�Bj
x`oX|©��h4�y�D�Ì­¢hH�4�"mz�"oF�Ov��Tub­�xzvy�Çf%s«®�s«ÂF�À§,�4oX|«�UkI�y�Xp4�z�
�4� vy�U¤,��¦%f%�"��v�xzoF�7Ë�Â��L¤I£���f(� �P� �FË,¡¢�F� ¾�oTuy�4m`�4�D�
¾�oTxz�P�g�ruw�DÂF�Ik/�P�wv��T�Ik/�P�wv�{F�Ph4mM�<��u«v��y�4j¨¥F�B�Xu"� ¦B¥7h4p��=¦Xp�x¨�
ÉM� �4�P� Í
f¼���}�Du«v��g�D� 	 �W§���®�h4oTpr�Fx¨�@h4oT�S§�� � �@¡@�2­�oF�"u�ÂP���4oT�
�ThPuw�"mzx`oF�
x`oLvy�g�y|©�g���4���gvy����|©�4��vy�F��� xn�BjtxzoF|©��h4�y�D�FÂ�¦Xk<s«¤
� � �L� �LÃ � j,ÃP¶F� � �4� � �


