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For a Ta based detector, with n , the limiting energy resolution corresponds to about 0.19 eV at 4.133 eV ( =300
nm), and an intrinsic resolving power E E/ / 22 4. The measured energy resolution is however degraded by spatial
non-uniformities in the detector responsivity, by the noise of the Front-End electronics and by statistical fluctuations
associated with any background radiation (in this specific case essentially IR radiation originating from any bodies close or
within the FOV of the detector). The total energy resolution, neglecting the spatial non-uniformities (relevant at x-ray
energy, but small at visible wavelengths), can then be written as E eVtot Ed En IR( ) . ( ) /2 355 2 2 2 1 2 . In this equation,

En  represents the detector electrical noise in eV (where En n R/ , with n representing the Equivalent Noise Charge

in e-) and IR  describes the energy degradations induced by the presence of the background radiation. It can be shown that

for a typical STJ, IR  can be described as follows5:
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Intrinsic (no IR, no electrical noise).
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composite: they connect the copper cold plate to the vessel
top plate over a length of about 350 mm. Kevlar was selected
because of its mechanical properties, its low thermal expan-
sion coefficient, and low thermal conductivity. The plates are
made of impregnated fabric layers, with one layer oriented in
the load force direction.

The cold plate surface has been provided with a grid of
M3 tapped holes on a 10 mm pitch in order to simplify the
installation of the 3He cooler and of the other components of
the FPA. The tightness of the weld between the Manganin
walls of the tank and the copper cold plate has been demon-
strated both at room and cryogenic temperature, down to 1.7
K ~i.e., well below the temperature at which any superfluid
He leak would become evident!. The manufacturing and fab-
rication of the heat exchanger on the tank venting line has
also required specific welding skills, and it represents a criti-

cal step in the cryostat manufacturing. The heat exchanger
was designed to serve three main purposes: ~a! exploit the
gas enthalpy to cool the thermal shield ~by including a num-
ber of fins along the vapor path!; ~b! minimize the heat input
into the He tank ~by using thin wall stainless steel pipes and
maximizing their length!; ~3! allow an efficient pumping of
the main bath ~ensuring a large conductance!. In addition,
connecting the heat exchanger with the main He tank via a
short bellow has reduced any mechanical strain induced on
the inner cryostat structure by the pumping action.

C. 3He cryosorption cooler

The cryosorption 3He cooler has been manufactured by
DTBT/CEA ~F!. The cooler is represented in Fig. 2 and its
working principles are discussed in details in Ref. 10. The

FIG. 1. Overall refrigerator architecture. The schematic drawing shows the main cryostat features and the position of the 3He cooler as well as the
experimental volume and the front end electronics.
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a2=cb]rÀ% & *U,��+=T&M3Z=@,),;*-?+YU6/Fz7;=@S =@l+7À^21T&01>&D=p*-,)=4Yh1T&)6/6R*U&)(+687À3N=@,;,)*U?+*-YU*U&nW|1T,À&D(56E.[1Tl+,)6<Z�1��+^
*Ä&H*-,m357)=@?21T?+Y-6`&D(21T&m?N=4&)(v.8=:�<&D7;*-?+lg&D6 &)=9&D(+6:=@?5,)687BA@6R^¼,B&D7)6814S�AT147;*h14?5*-Y-*Ä&nW@r��J147)*-1T&D*U=:�+,J*��
&)(+6M14.R.87;6R&D*U=:�_,B&D7;6[14S 68.RY-*-35,)6`3+7)=��+Y-6`(21[A@6M?Z686%��=@?+,;687;A468^v*��\Sp1��<Wp6R.8YU*-3+,;*��+O/3N=4Yh147;,�Z<Fz=@7
6 e+1TSp3+YU6À*#�_¸�@ � tu7M���]YU6����\6R&m14Y�rtZ+ÃcÆ@ÆT½�>u¸ 147;7)=@3qX � YUY-*#��Z5ÃcÆ4Æ@Æ >u�x7;*-^+O@6`6R&x14Y�r#Zq�4 4 <�@¡k1��+^
� É Æ �>wx6��'��¾514YÄAq*�6R&À14Y�r#Z+�4 @ <�@¡ r
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_.81��©?Z69S_1T^+6EFz7)=4S~&)(+693+(+14,)6>1T& bj(+*-.0(PAq*-,;*-?+YU6�Sp14O:�56R&D*U. �26RY-^
YU*��+6R,x147;6 .R=@Sp35Y-6R&)68YÄWi68.RY-*-35,)68^_*��\=@l+7xO468=@S\6R&)7)*-.jS\=g^568Y�r "	*-O4l+7)6`½+rÄÃc /,;(+=cbj,j1��_6 e514Sp35Y-6
Fz=@7]1T.8.87;6R&)*-=:�Â1T&]YU=cb .R=@Yh1C&D*U&)l+^+6Ebj(5687)6>Sp14O:�+6f&D*U. �26RY-^ÂY-*#�+68,:1T7)69Aq*-,;*-?+YU6EF�147M=@lg&]=4Fs&D(+6
=@7;?+*U&D14Yk3+Y-1��+6Tr\% ���+^Â&D(21C&E1|YU=:�+O@6R7:,;&D7;6[14S *#�+O@7;68,),]7;68tul+*-7;68,�1|,)Sp14Y-YU6875��
|Fz=47]1v(5*-O@(
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,;*-=:��r � ?+,;=@7)3g&D*-=��¼bo=@l+Y-^Q=g.R.8l+7 Fz7;=@S Sp1T&D6R7)*h1TY�YU=@,;&À?<W¼&)(+6E,;68.R=:�+^2147BW:Z�bj*Ä&D(Q&)(+6E*#�+*U&)*h14Y
^+7;=@3�*#�©&D(+6\Y-*UO@(<&:.8l+7BA@6R,E7)6R,)l+YÄ&D*#�+O|Fz7)=@S�&)(+6\=:�+,)6f&E=TFo&)(+6_1T?+,)=@7;35&D*U=:��r � YÄ&D687)�21T&)*UA@6RYUW�Z
&)(+6:Fz6[1T&)l+7)6].8=4l+Y-^v?Z6/.814l+,;68^Q?<W�&)(+6].0(21��+O4*��+O\.RWq.8YU=4&D7;=:�v68S\*-,;,)*-=���bj*U&D({3+(21T,)64r
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¾g.0(<bo=@3Z6v1��+^�Å¼6%�+O@68YM�BÃcÆ4Æ<Ç@¡:=@?+,)6R7;A468^�1Q,)(+147)3'7;*-,;6p&D=P1��+^'^+6R.8YU*��+6\Fz7)=@S &D(56_?+7;*-O@(<&
3+(+14,)6��zbj(+*U.0(d*U,i*��+^+*U.[1T&)*UA46|=4F &)(+6v.RWq.8YU=4&D7;=:� ?Z6[1TSp*#�+O©6��N68.f& ¡i*���&D(+6R*-7 �:X ?21��+^�Y-*UO@(<&
.Rl+7;A468,i=4F`GsILKM7D15r{µH(+6�3+(+14,)6�7)1��+O@6p=4Fj=@l+7�Y-*UO@(<&�.Rl+7;A468,i*U,ES9l+.0(�YU68,;,�&D(+1���&D(+1T&9=4F
¾g.0(<bo=@3Z6:1��+^_Å¼6��5O@68Y��BÃ[Æ@Æ<Ç@¡	,;=�&D(56À,)14Sp6j?Z68(21[Aq*-=4l+7s*-,��+=4&J=@?+,;687BA@68^_68*U&)(+687s,;*-^+6j=4FN&D(+6
6R.8Y-*U3+,)6 >@(+=cbo6RA@6R7�Z<&D(56o&D7;6��+^E=4F2=@l+7�Y-*UO@(<&}.8l+7BA@6R,
*-,�.8=:�+,;*-,B&D6��<&�bj*U&D(�,)l+.0(>1`7)*U,)6s&D=M1<�+^EF�14YUY
Fz7;=@S~S_1Ceg*US9l+S{r-"	*-O@l57)6/½+rUÃ4ÃE,)(5= bj, =@l+75�MXn?21<�+^PY-*UO@(<&`.8l+7BA@68,Mbj*Ä&D({&D(+6>¾q.0(ubo=@3Z6i1��+^
Å¼6%�+O@6RYM��ÃcÆ@Æ<Ç@¡ �+O@l+7)6{Ã#�:Xn?+1��+^V^21T&01|Fz7)=4S ÃcÆ@Æ �qrpµH(+6_¾g.0(<bo=@3N6�1��+^�Å¼6��+O468Y �BÃcÆ@Æ@Ç@¡
^21C&01>(214,H?Z686��¼,).814Y-6R^{A4687;&)*-.814Y-YÄWp&)=\,;(+=cb &D(56/.R=@*��5.8*-^56��+.R6/=TF�&)(+6:Fz6[1T&)l+7)6R,8r

µH(+6_bx1[A@68YU6��+OT&D(�1T&Ebj(5*-.0('&D(56�.RWq.8YU=4&D7;=:�'6RSp*U,),)*U=:��3Z6[1��q,E*-,E^5683Z6��+^+6%�<&pl53N=:��&D(+6
Sp14O:�+6f&D*U. �26RY-^�,;&)7)6%�+O4&D(�=TF`&)(+6_bj(+*Ä&D6�^gbm147BFnZ
bj*U&D(�*��+.R7)6[1T,)*��5O �268YU^',;&)7)6��5O4&D( ,)(5*UF &D*#�+O
&)(+6p3Z6[1��Â&)=¼,;(+=@7B&D687]bx1cA468YU6��+O4&)(+,8r&"2=@7/GsI KM7D1�Z�&)(+6 �+68Y-^�*-, 2iÃ �sÅ � ��¾g.0(<bo=@3Z6�1��+^
Å¼6%�+O@6RYPZJÃcÆ@Æ<Ç@¡:,)=¼&D(+6p=@7)?+*Ä&014Y
AT147;*h14?+*UY-*Ä&nWQ*U,E6feg3Z68.f&D68^'&)=P?Z6_O@7;6[1T&)68,;&�&D=cbx147)^+,E7)68^5^+687
bx1[A@68YU6��+OT&D(+,RrxµH(+*U,jbo=@l+YU^v.[14l+,;6E1>,)*UO:�+* �2.[1��<&j.0(21<�+O@6]*��|&D(56/,;(2143Z6]=4F�&)(+6/Y-*-O4(u&m.8l+7BA@68,
*#��&D(56�^+* �N687;6��<&9.R=@Y-=4l+7]?21��+^+,%Zs1��+^'(56��+.R6|1¼3+7;=@S\*��+6%�u&/Fz6[1C&Dl+7;6_*��V&D(+6_.8=@YU=@l+7/7D1T&)*-=@,%Z
,;686�"�*-O@l+7;6:½+rÄÃ �gr � ,`1\,;*-O:�+1T&Dl+7;6]=4F	&)(+6].RWq.8YU=4&D7;=:�Q6RSp*U,),)*U=:��Z21>,)(+147)3{3N681��|*-,j6 e53Z68.f&D6R^
*#�v&)(+6,����X ?21��+^|Fz=@YUY-=cbx6R^v?uW|19O@7D14^5l214Y�^+6R.8YU*��+6<Z21��+^{.8=:�<A4687),;68YÄWv*���&D(56
�jX ?21��+^{1iSp=47)6
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14?5,)=@7;35&D*U=:�p?<W\Sp1T&D6R7)*h1TY5*��>&D(56 14.R.87;6R&D*U=:�\,;&D7;6[14S{rkµH(+6À*��+.R7)6814,)6R^�14?+,;=@7)3g&D*-=��_1T&J,;(+=@7;&)687
bx1[A@68YU6��+OT&D(+,j*-,J.8=��u&)7D147BWp&)=E&D(56M6feg3Z68.R&)68^|Fz7)6R6fX�Fz7)686M14?+,)=47)35&)*-=:��*#�p&)(+6:14.R.87)6f&D*U=:��,;&)7)6814S
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&)687)*-14Y�Y-=q.[1C&D68^{*��{1>7)6RYh1T&)*UA@6RYUW|Y-147)O46:7)68O4*-=:�v&D=cbx147)^+,j&D(56�6%�+^Q=4F�&D(+6/.[1TY-.8l5Yh1T&)68^{?214Y-YU*-,B&D*-.
14.R.87;6R&D*U=:� ,;&)7)6814S¼r�µH(+*-,�7;68O@*U=:�È*U,_Y-=q.[1C&D68^d.8Y-=4,)687p&D=�&)(+6©3+7)*US_1T7;W�&D(+1��È&D(21C&�*�� &D(+6
¸�@ � tu7,�+7)6fX�a2*-6R,���bj(+*U.0(�*U,:*��+^+*U.[1T&)*UA46i68*U&)(+687:=TFm1�bo6[1��T687ESp14O:�56R&D*U.%�26RY-^V=@7]1|(+*-O@(5687
Sp14,),À&D7D1<�+,;Fz6R7:7D1T&)64r � bo6[1��T687]Sp14O:�+6f&D*-.)�268YU^P6feg3+Y-1��21T&)*-=:�Q*-,M.R=:�+,)*U,;&)6��<&:bj*U&)(Q&D(+6i^56fX
7;*UA@6R^&�+68Y-^v,B&D7)6%�+O4&)(+,`Fz=47j¸A@ � tu7j=4F � � y<Ç>Å �����]YU6����v6R&`1TY�r ��ÃcÆ@Æ4½<¡x1��+^¼GsIÈKM7D19=4F
� . Ã �\Å � ��¾q.0(ubo=@3Z6E1<�+^PÅ{6��+O@6RY���ÃcÆ4Æ<Ç@¡fr

µH(+6i^+*U,;&D7;*-?+lg&D*-=��Q=4F �27;6fX�a2*-6R,M*��P&)(+6 �fX ^+*-7;68.f&D*-=��P*-,M?Z6R&;&D6R7M.8=:�5,;&D7)14*��568^PFz=@7:GsI KM7D1
&)(21��\¸A@ � tu7 �<?N6R.[14l+,;6À=TFZ&)(+6jY-=cbo687
*��5.8Y-*#�21T&)*-=:��=4F � ��Ç4Æ��'� � r "	*UO@l+7;6-�gr É *��+.RY-l+^+6R,
3+Y-=T&D,
=4F�&D(56,�+7)6fX�a2*-6R,j*��|&D(+6MeuX �]3+Y-1��+6Tr

�|£ � � ¯[¨k´`³©¨k¨k¯8°\±

µH(+6�7)6R,)l+YÄ&D,`,)(+=cb &D(+1T&j&D(+6�3+7)6fAg*U=@l+,;YUWv14,;,)l+S\68^¼&nbx=p32147;&À?214YUY-*U,;&D*U. 3+YUl+,`S_14O��+6R&)*-.M&D7)1CX
�;6R.R&D=47;W�*U,m19O@=q=q^|143+3+7;=[e5*US_1C&D*-=��p&D=�&D(+6Ma2=cbj,H^+6RY-*#�+6[1T&)68^�?<Wp&D(+6��+7)6fX�a+W�^5*-,;&)7)*U?+l5&D*U=:�+,Rr

� � � ��� �����&%�.0��%�. 5 �� #�/��� �� �1.,����%��/5 5

µ�=@O@6f&D(+6R7��<&D(+6m&)(+7)6R6`GJI�KM7D1M68.RY-*U3+,)6R,kFz7)=@S &D(+6j,;68.8=��+^1�5*-O@(<&`� ���@Æ<Ç�� � ���@Æ<Ç4ÇM1��+^ ���@Æ<Ç É ¡
,;(+=cb�1P.0(21<�+O@6�*#��&D(+6|YU=g.81T&D*U=:�V=4Fj?+7)*UO@(<&iSp1T&D6R7)*h1TY��}bj(+*-.0(�*U,E7)6RYh1T&)68^'&)=©1P.0(21��+O46�*��
?+7;*-O@(<&��+68,;,E*��©&)(+6p=4?+,)6R7;A@6R^'Y-*UO@(<&].8l+7BA@6 �k1��+^V&D(ul+,�1{.0(+1��+O@6p*��©&D(+6\?+7;*-O@(<&,�568,),/=4Fo&D(+6
14.R.87;6R&D*U=:�\,;&D7;6[14S Sp1T&)687)*-14Y�r}µH(+*U,o.0(+1��+O@6`*-,E�+=T&M���Z� ���C� ���+6R.86R,),D1T7)*-YÄWi^+*U7)68.f&DYÄWi*��+^5*-.[1C&D*UA46
=4F21À.0(21��5O@6o*#��&)(+6J&)68S\3N6R7D1T&)l+7)6J=4Fg&D(+*U,�Sp1T&D6R7)*-14Y<14,}&D(+6o?+7)*UO@(<&,�+6R,),�=4F+,B&D7)6814S S_1C&D687;*h14Y4*-,
^+6R3N6%�+^+6%�u&	l+3Z=:�E?Z=4&D(:&)(+6o^56��+,;*U&nW/1��+^]&D6RSp3Z687)1T&Dl57)6s,;&)7)l+.f&Dl+7;6x=4Fg&D(+6s,;&)7)6814S¼r�¸À=cbo6RA4687��
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14,�&D(+6H^+6%�+,)*Ä&nWE*U,k7)6RY-6fA41<�u&�Fz=@7
1��E=@35&D*U.[14YUYUW:&)(+*��9,B&D7;6[14S �<1��+^9&)(+6m3+7;68,;6��+.R6`=TFZ14?+,)=47)35&)*-=:�
^+*U3+,E��wx(2143g&D687;,My\1��+^¼½u¡m*-S\3+Y-*U68,x&)(21T&j&D(+6/,;&)7)6814S~*-,j=@35&)*-.[1TY-YUW\&D(5*-.�� ��,)=p&)(+6/*��+.R7)6[1T,)68^
?+7;*-O@(<&��+68,;,À*U,HS_14*#�+YUW\*#�+^+*-.81T&D*ÄA@6:=4F�*��5.87)6814,)6R^{&)68S\3N6R7D1T&)l+7)6Tr

µH(+6 .0(+1��+O@6M*#�_?+7;*-O@(<&��+68,;,m=4F�&)(+6 ?21TY-Y-*U,;&)*-.H,)6R.R&)*-=:��=TF�&D(+6M14.8.R7)6R&)*-=:�p,;&)7)6[1TS�?Z6R&nbo686%�
.fWg.RY-6����@Æ@Ç��©1��+^ ���@Æ<Ç4ÇQ.[1���?N6|6 eg3+Yh14*#�+68^ *ÄF Sp1T&D6R7)*-14Yo*U,i,;&)7)*-353N6R^�Fz7;=@S &)(+6v?214Y-YU*-,B&D*-.
,B&D7)6814S *�� S_1��<W 3+Y-14.86R,�14YU=:�+OÂ&D(+6¼?214YUY-*-,B&D*U._&D7)1��;68.f&D=@7BW@r µH(+*-,\S_1C&D687;*h14YH*U,p.0(+1����+6RY-68^
=:�<&)=�&D(+6iSp14O:�+6f&D*U.)�26RY-^©YU*��+6R, =4Fs&D(5693+7)*US_1T7;W �N7)6R,)l+YÄ&D*��5O�*��©1�^568.87;6[14,;6>*��Q&)(+6i14S\=@l��<&
=4FkS_1T&)687;*h14Y�*#� �Z1��+^¼(+6��+.R69?+7;*-O@(<&,�568,),`=4F �2&D(56E?214YUY-*U,;&D*U.M,;&)7)6814S¼rm¶�6/^+=A�+=T&4�+6R.86R,),D1T7)*-YÄW
,;686]&D(+*U,`Sp1T&)687)*-14Y�^56����+6R^Q?<W|&D(56,�+7)6fX�a2*-6R,j?N6R.[14l+,;6E*Ä&H*-,HF�14*#�u&)687m&)(21��v&D(+6]7)6RO@*-=��vbj(5687)6
S\=@,;&x=4F�&)(+6 Sp1T&D6R7)*-14Y2*-,o.8=@l+35Y-68^p&D=�&)(+6 Sp14O:�56R&D*U. �+68Y-^_Y-*��568,8r � ,x&)(+*-,J.8=4l+3+Y-6R^�Sp1T&D6R7)*h1TY
7;6[14.0(+6R,�&D(+6Q3+7)*US_147BW�&D(+6R7)6©*U,_1�� *#�+.87;6[14,;6P*���&D(+6Q68S\*-,),;*-=:��Fz7)=@S &D(5*-,_7;68O@*U=:�d=TF:&D(+6
,BWg,B&D6RS �
1T,E*���.RWq.8YU67���4Æ<Ç É r � YU&)687��+1T&D*ÄA@68YÄW ��&D(+6\.0(21��+O46�*��V?+7)*UO@(<&,�+6R,),9Sp1[WÂ?N6\.[1Tl+,)6R^
?<Wv1i.0(21��5O@6]*���&D(56/7)1T&D6:=TF�YU=@,),H=TF	Sp1T&D6R7)*-14YZFz7;=@S�&)(+6:,)6R.8=:�5^2147;Wv7;68,;l+YU&)*��+Oi*#�v1>.0(+1��+O@6
*#�¼&D(56914S\=@l��<&M=TF
S_1C&D687;*h14Y}1TY-=:�+O>&D(56E?214YUY-*U,;&D*U.:,)6R.R&D*U=:�P=4F	&D(+6�,;&D7;6[14S{r`µH(+6�&)*-S\6fXn,;.[14YU6
Fz=@7�S_1C&D687;*h14Y
&)=Q&D7)1cA468YxFz7;=@S � E &D=Q&)(+6�3+7;*-Sp147;WÂ*U,
.iÃc @ @ Q,;68.R=:�+^+,RrVµH(5687)6fFz=@7)6 �sYh147;O@6
.0(21<�+O@68,À*��v&D(+6�14S\=@l��<&`=4F�S_1T&)687;*h14Y�1TY-=:�+Oi&)(+6E1T.8.87;6R&)*-=:�{,;&)7)6[1TS~147)6/3N=4,),)*U?+Y-6]?Z6R&nbo686%�
.R=:�+,)6R.8l5&)*UA46E.RWq.RY-68,Rr

� � � ��
 � �  #� ��� ���/� �#��%�.

µH(+6j^+*U,;&)7)*-?5l5&D*U=:�i=4F �27)6 X a2*U68,
*#�>&)(+6H^+* ��6R7)6��<&s?21<�+^+,
Fz=@7s¸A@ � tu7J*U,k*��5^+*-.81T&D*ÄA@6m=4FN,;&)7)6814S
(+681T&D*#�+Oj3+7)=q.86R,),;68,	*#�]?N=4&)(/1j.R=@l+3+YU*��+OH7;68O@*U=:�/1��+^f�+68147�&D(+6
bj(+*Ä&D6s^5bx147;F�r�µH(+*-,�bx14,�Fz=@l��+^
*#�|wx(2143g&D687xy/Fz=@7J¸�@ � tu7 �51��5^�*-,J3+7)6R^+*-.f&D6R^_?<W>&D(+6`&D(+6R=@7)6f&D*-.814Y�Sp=q^+6RY-,s=4F�"2687;7D147;*-=/1��+^
¶�68(+7;,)6/��ÃcÆ@Æ@Æ<¡ r�µH(56HY-=q.[1T&)*-=:�/=4F�&D(+6x?+Y-l+6R7 �27;6fX�a2*-6R,	Fzl+7;&)(+687�Fz7)=@S &D(56m3+7)*US_1T7;W]*���&D(+6 �jX
?21<�+^p=TF�.fWg.RY-6 �4Æ@Æ@Æ8� .8=@l+YU^>?N6j*��5^+*-.81T&D*ÄA@6H=4FN*-7;7D14^+*-1T&D6R^i,;&)7)6[1TS S_1C&D687;*h14Y�r}µH(+6 1T.8.87;6R&)*-=:�
,B&D7)6814S bj*-Y-YH?Z6P,B&D7)=��+O@YUW *U7)7)14^+*h1C&D68^�?<W �`Xn7)1cW�6RSp*U,),)*U=:� 14,_*Ä&_7;6[14.0(+6R,�&D(+6{&D(+7;6[14^5*��+O
7;68O@*U=:�d1<�+^ 7;*-,;68,>Fz7)=@S &)(+6{=@7)?+*Ä&014Yx3+Yh1��56¼1TY-=:�+OP&)(+6{S_14O��+6R&)*-.	�26RY-^�Y-*��568,8r�µH(+6R,)6 �jX
?21<�+^7�27)6 X a2*U68,H147;6MY-=q.[1C&D68^pFzl+7;&)(+687xFz7;=@S &D(+6M357)*-Sp147BWp?<Wp&D(+6MS\=q^+68Y �q&)=9*��+^5*-.[1C&D6Àbj(5687)6
&)(+6i=@?+,;687;A468^V68S\*-,;,)*-=��P*-,M?57)*-O4(u&)68,B&[r � YU&)687)�21T&D*ÄA@6RYUW �N&D(+69?57)*-O4(u& �`X ?21��+^Â6RSp*U,),)*U=:�PSp1[W
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*#�+^+*-.81T&D6M&)(21T&H&)(+6]S_1T&)687;*h14YN*-,H(+681T&D6R^¼?<Wv3+7;=g.R68,),;68,À*���&D(56/Sp14O:�56R&D*U.:.8=@l53+Y-*#�+Oi7)6RO@*-=:��r

� � � ��� � + � 3��! ��56+0%-� �����'3� #� ����+ ��5  #�/5 ��2���5

µH(+6�¸A@ � tu7��+7)6fX�a+W ^+*U,;&)7)*-?5l5&D*U=:�+,|147;6Â.8=:�+,;*-,B&D6��<&vbj*U&)( &D(+6ÂY-=q.[1C&D*-=��È=4F/&D(+6Â?+7;*-O@(<&
7;68O@*U=:�+,�*��:&)(+6sSp=q^+68YUY-*#�+Ox=4F+wx(2143g&D687�yj1��+^�¸ 1T7)7)=43gX � Y-Y-*#�i��ÃcÆ@Æ@Æ<¡ �cbj(+*-.0(/,)(+=cb'AT147;*h1T&)*-=:�5,
*#��&D(56_?+7;*-O@(<&,�568,),�=4Fx&)(+6p&)(+7)6814^+*#�+OQ7;68O@*U=:��1<�+^'7)6RO@*-=��+,f�+6[147/&D(+6\3+7;*-Sp147;W4r|µH(+6_=:�56fX
3Z=@Y-6>1T.8.87;6R&)*-=:�VSp=q^+6RY-,:=4Fm¸ 147;7)=@3gX � YUY-*����BÃcÆ@Æ4Æ<¡ ,)(+=cb &)(21T&]&D(56\Sp14O:�56R&D*U.[14YUYUW{.8=������+6R^
7;68O@*U=:�+,|=4F]&D(56Â14.8.R7)6R&)*-=:� ,B&D7;6[14S 147)6P&)(+6©?+7)*UO@(<&D6R,;& �jbj*U&)( &D(+60�jXn?+1��+^ 1��+^ �/X ?21��+^
6RSp*U,),)*U=:��?Z68*#�+O9O@7;6[1T&)68,;&x&D=cbm1T7)^+,m&)(+6 &D(57)6[1T^+*��+OE7)68O4*-=:��r	%��|32147;&)*-.Rl+Yh147s&D(568*-7o?+7)*UO@(<&,�+6R,),
^+*U,;&)7)*-?5l5&D*U=:�|7)6R,)68SE?+Y-6R,`&)(+6)�+7)6fX�a+W|^+*U,;&)7)*-?5l5&D*U=:�+,H=4F�.RWq.8YU69�TÆ@Æ@Æ4½ �+14,H&D(+6R7)6/*-,H,;&)*-YUY�,)=@S\6
6RSp*U,),)*U=:�|Fz7)=@S &D(+6]?21TY-Y-*U,;&)*-. ,;68.f&D*-=��{=TF�&)(+68*U7HSp=q^+68Y�14.8.R7)6R&)*-=:�{,;&)7)6814S¼r

µH(+6¼&)(+7)6814^+*#�+O�7;68O@*U=:�d(21T,_?Z686�� =4?+,)6R7;A@6R^ &D=�S\=cA@6¼,)*-O��+* �2.81��<&DYÄW ?N6f&nbx6R6��·.RWq.8YU68,
���]YU6�����6R&E14Y�r �
ÃcÆ@Æ4½�� �kwx(21435&)687�y<¡fr|µH(56#�27)6 X a2*U68,]bj*-YUYE�+=4& �+68.R68,),)147)*UYUWÂ,;(+=cb�1{Sp=cA46fX
S\6��<&o*��i&D(+6`Y-=q.[1C&D*-=��i=4FN&)(+6j&D(+7;6[14^+*#�+O/7)68O4*-=:� �<l��+Y-6R,),J*U&s*-,s,;*-O:�+* �2.[1<�u&)YUWEYh147;O@687k&)(21��>&D(+6
bj*U^5&D(�=4Fm&D(56 �27;6fX a5W�,Bbm1T7)S{r{µH(5*-,/*-,/^+68S\=:�+,B&D7D1C&D68^�*�� "	*-O@l57)6#�gr Æ ��bj(+*U.0(',)(5= bj,�&D(+6
�jXn?+1��+^ �27)6 X a2*U68,
Fz7)=@S ¸A@ � tu7s.RWq.RY-68,o�4Æ4Æ@Æ4½]1��+^_�4Æ@Æ4Æ �gr	%��pwx(21T35&D6R7xy]1:.0(21��+O46`*#�i&D(+6
&)(+7)6814^+*��5O\7)14^+*Ul+,xbx14,HFz=@l��+^v?Z6R&nbo686��{&D(+6M&nbo=\.RWq.8YU68,jSp=q^+6RY-Y-6R^_*#�v&)(21T&H.0(+1435&D6R78rJ¸À=cbmX
6fA@687H&)(+6:¸A@ � tu7H.RWq.8YU6/�4Æ@Æ@ÆT½ES\=g^+6RY-YU68^�(+6R7)6 bx14,F�+=T&H*��+.RY-l+^568^v1��+^|*#�_F�14.f&H7)6R3+7)6R,)6��<&),
&)(+6]*��<&D6R7)S\68^+*-1T&D6M.fWq.8Y-6\�z,)6R6E¾q68.R&)*-=:���gr �@¡ r "	*-O@l57)6:y5r É ,)(+=cbj,H&D(56/,;l+3Z687)*USp3Z=@,;68^v68.RY-*-35,)6
3+7;=��2YU68,s=4F�&)(+6`¸A@ � tu7J.RWq.8YU68,J=@?+,;687;A468^�=��\&)(+6j,D14S\6"�+*-O@(<&),8rkµH(+6-�2O@l57)6j*��+^5*-.[1C&D68,
&)(21T&
&)(+6�&nbx=©.fWq.8Y-6R,\�4Æ@Æ@ÆT½©1��+^��4Æ4Æ@Æ �¼(21[A46|^+* �N687;6��<&i68.RY-*U3+,)6�357)=��2YU68,i1<�+^�(+6��5.86|^+* ��6R7)6��<&
&)(+7)6814^+*��5O\7)14^+*U*�r

�x7)*U^+O@696f&/14Y�r����4 4 @y<¡`,;l+O@O@6R,;&)68^�&)(+6i3+7;68,)6%�+.86\=4Fx1��Â6feq&D6%�+^+6R^�.8l57;&01T*��©=4FJSp1T&D6R7)*h1TY
14, ?N6R*��+O�&)(+69.[1Tl+,)6i=4FJ1T?+,)=@7;35&D*U=:�©=cA@6R7]1��©6feq&D6%�+^+6R^V35(214,)6i7)1��+O@6 ��1��+^©?Z68*#�+O|1T&MY-6[1T,;&
321T7;&D*-14Y-YÄWd7;68,;3N=:�5,)*-?5Y-6©Fz=@7|&D(+6Â&D7;=@l+O@( Fz6[1T&)l+7)6Â,;686���*��·&D(+6VY-*UO@(<&v.8l+7BA@68,¼=4FiGsI KM7)15r
µH(+6 �27)6 X a+WÂ^5*-,;&)7)*U?+l5&D*U=:�Â*�� "	*-O4l+7)6 �gr Çv,;l+3+3Z=@7;&),�&)(+6p*U^+6[1|&D(+1T&91T.8.87;6R&)*-=:�VS_1C&D687;*h14Y	*-,
&)(+7)6814^+68^_?uW\Sp1��<W
�268YU^_YU*��+6R,8r
¾q.0(ubo=@3Z6:1��+^�Å¼6��5O@68Y	�BÃcÆ4Æ<Ç@¡k,)l+O4O@68,B&D68^�&)(+6`3+7)6R,)6��5.86M=4F
1��p14.R.87)6f&D*U=:�>.8l+7B&014*#� �u1��+^i&D(568*-7
6fAq*-^+6%�+.86jFz=@7s1��>6feq&)6��+^+6R^�14.R.87;6R&D*U=:�\147).j=:�i&)(+6j,)l+7BF�14.86
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"	*UO@l+7;6��gr Æ �oµH(+6 �jXn?+1��+^*�27;6fX�a2*-6R,ÀFz7)=4S~¸A@ � tu7 .fWg.RY-69�4Æ@Æ@Æ4½Q�B�D���9¡j1��+^©�4Æ@Æ@Æ �{���8���2�)¡
=cA@6R7)Y-14*-^ =:��&D(56{,)14S\6	�2O@l+7;64r µH(+6 �`=q.0(+6vY-=4?N6|1<�+^d1©.814Y-.Rl+Yh1T&)68^�?21TY-Y-*U,;&)*-.�1T.8.87;6R&)*-=:�
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EPIC-pn

EPIC-MOS 1+2

V UVW1

UVW2 UVW2

"	*UO@l+7;6 �5rUÃD�'µH(+6VGsIs%BwJX 3�� �:.R=@S9?+*#�+68^ GsI
%BwJXBÅPº]¾���Ã +]�@¡�1��+^�º]Å YU*-O@(<&|.Rl+7;A468,vFz=@7
GsI KM7)15r'µH(+6 �ÀX 7D1[W'YU*-O@(<&i.Rl+7;A468,p147)6v*#� y@ k,i&D*-S\6_?5*��+, �o*#� &)(+6|6��5687)OTW�7D1��5O@6{ ��UÃ � X
� Ãc  �T6 �9rgµH(+6)�:X ?21��+^�1��+^$@ �À¶ Ã:Y-*UO@(<&o.Rl+7;A468,`147;6 *���y@ k,x&D*USp6`?+*#�+,m1��5^�&D(+6A@ � ¶ �
YU*-O@(<&H.Rl+7;A468,M1T7)6:*��v½< k,H&)*-S\6M?+*��5,8r
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&)(+6o,;=4F &;X ?21��+^E1��+^ 7 �7.  ��(�@yj*��]&D(+6J(2147;^gXn?+1��+^�r�µH(+6xYU=:�+O@6R7}?+7)*UO@(<&�35(214,)6J.8=4Sp321T7)68^/&D=
&)(+6xF�14*#�u&�3+(21T,)6m*#�+^+*-.81T&D6R,�&)(21T&	&)(+6H14.R.87;6R&D*U=:�97;68O@*U=:�E*U,	Y-=q.[1C&D68^�*��E&)(+6xl53+3N6R7k(+6RSp*U,)3+(+6R7)6
=4FN&D(+6`3+7;*-Sp147;W �@=@7s*UFNY-=q.[1T&)68^>*��>&D(56`YU=cbx6R7o(+6RSp*U,)3+(5687)6j*Ä&s*-,s,)321C&D*h1TY-YUW�6feq&)6��+^+6R^�rJKMl+7)*#�+O
&)(+6ÀF�14*#�<&x3+(+14,)69��.8=47)7)6R,)3Z=:�+^+*#�+OE&)=�&D(5=@,)6À3+(214,;68,xbj(+6R7)6 &)(+6M1T.8.87;6R&)*-=:�p7)68O4*-=:�p1��+^�3Z=@,B&;X
,;(+=g.���14.R.87;6R&D*U=:� a2=cb~147)6{=:� &D(+6vF�147>,)*U^+6v=4F &)(+6{3+7)*US_147BW5¡��s&D(+6R7)6¼147)6vA@6R7;W�Y-=cb �oW46R&
,;*-O:�+* �2.[1<�u&`.R=@l��<&`7D1T&)68,E��,)=TF &;�J ��  5Ã[½ �È ��  @ @yk.8=4l��<&D,+, C-E >2(2147)^3�x ��  8� �È ��  5Ã�.8=4l��<&D,+, C-E ¡ r
µH(+6À143+357)=[eg*-Sp1T&D6m.R6��<&D7;6À=TFN&)(+6H?+7)*UO@(<&s3+(214,;6j*-,
Sp147 �T68^\?uWE&D(+6j68.RY-*U3+,)6H=4FZ&D(56À1T.8.87;6R&)*-=:�
7;68O@*U=:�{1��+^v3+7)*US_1T7;Wp?uW_&D(+6],)6R.8=:�5^2147;Wv,B&0147Rr
µH(+6]7D1435*-^v68.RY-*-35,)6:*��5O@7)6R,),H=4F�&D(+6]3+7;*-Sp147;W
1��5^�&D(+6:1T.8.87;6R&)*-=:�|7;68O@*U=:��*-,?�+=4&H,;686%�{*#�_&D(56M,)=4F &BXn?21<�+^v1��+^�=��+YUWp32147B&D*h1TY-YUW9*��_&)(+6M(2147;^gX
?21<�+^ �J(+=cbx6fA@687 �x&D(56{6RO@7)6R,),\*-,9.RY-68147)YÄW',)6R6���*�� ?Z=4&D( ?21��5^+,8r�µH(+6v6R.8Y-*U3+,)6|7;6[14.0(568,>&D(+6
S\*��+*US9l+S .R=@l��<&D,j1T&x68.RY-*-35,)6M.R6��<&D7;64r3"2=@7o&)(+6M,)=TF &;Xn?+1��+^�&D(5*-,x*U,m ��  @ 5Ã �� ��  @ 4½
.8=4l��<&D,+, C-E
1��5^ Fz=@7>&D(+6{(2147;^gXn?+1��+^d*Ä&\*-,p ��  4y �  ��  4yk.8=@l��<&),+, C-E r µH(+*U,p*USp3+YU*-6R,9&D(21T&>&)(+687;6Q*-,��+=
,;*-O:�+* �2.[1<�u& �ÀX 7D1[Wv68S\*-,;,)*U=:�|Fz7)=@S�&)(+6E7;6[147jF�14.86/=4F�&D(+6�,)68.R=:�+^21T7;W{=@7jFz7)=@S~1��¼6feq&D6%�+^+6R^
(21TY-=+r]µH(+6 �`Xn7D1[WQ68.8YU*-3+,;69^+l+7)1T&D*U=:�©*-,�7 � .  ��  8� � ��bj(5*-.0(Â*-,:1T3+3+7)=[eg*-Sp1T&)68YUWv&)(+6i,D14S\6
14,H&)(21T&j*��|&)(+6]=@35&D*U.[14Y
��wx(2143g&D687j½u¡ r

µH(+6�,;(2143Z6|=4FH&D(+6_7)*-,;6_&D=P1��+^'F�14YUYJFz7;=@S &D(+6�?57)*-O4(u&93+(214,;6�*���&)(+6|,)=TF &;Xn?+1��+^'*U,914,
6 e53Z68.f&D6R^�Fz=@7v1��·=@35&)*-.814Y-YÄW�&)(+*-.��d68S\*-,),;*-=:� 7;68O@*U=:�*>:&D(+1T&v*-,�&)(+6Â=@?+,)6R7;A468^�a2lqe AT147)*U68,
bj*Ä&D( Aq*-6Rbj*#�+O 1��+O4Y-64r µH(+6Â,;(2147)3Z687|7;*-,;6©*��d&)(+6Â(2147)^qXn?21��5^ ,;&01T7;&D,|,;Y-*UO@(<&DYUW�68147)YU*-687p*��
3+(+14,)6H.R=@Sp3+147)6R^E&D= &)(+6m,;=4F &;X ?21��+^97;*-,;6 �@*#�+^+*-.81T&D*#�+Oj&D(21T&�&D(+6x(2147)^ �`Xn7)1cW/6RSp*Ä&)&D*#�+O 7;68O@*U=:�
14353N68147),k=cA4687	&)(+6xYU*-S9?/=4F+&)(+6x3+7;*-Sp147;W]?Z6RFz=47)6o&)(+6x,;=4F & �`Xn7)1cW/6RSp*Ä&)&D*#�+O`7)68O4*-=:��r�µH(+6m(+147)^
�`Xn7D1[Wv6RSp*U,),)*U=:�|*-,j6 e53Z68.f&D6R^QFz7)=@S�&D(+6]&D=@3{=4F�&D(+6�14.R.87)6f&D*U=:�¼,;(+=q.�� �2bj(+6R7)6/&D(+6]Sp1T&D6R7)*h1TY
*U,i(+=4&)&)68,B& �J1��+^�&D(56{,;=4F &D6R7i68S\*-,;,)*-=���Fz7)=@S &D(+6|?+14,)6v=4Fj&D(56|,)(+=q.���1��+^�&)(+6|,)l+7BF�14.86v=4F
&)(+6:3+7)*US_1T7;W>bj(+687;6:&D(+6:(21T7)^ �ÀX 7D1[Wq,j147)6 7)68357)=q.868,;,)6R^�rxµH(+6R7)6fFz=@7)6 �5&D(+6:,;Y-=@3Z6M=4F}&)(+6:7)*U,)6
*#��&D(+6](2147;^gXn?+1��+^|*��5^+*-.81T&D6R,m&D(21T&x&D(+6/14.R.87)6f&D*U=:�|,)(+=q.���S9l5,;&j(21[A@6�19,)*UO:�+* �2.[1��<&mA4687B&D*-.814Y
(+6R*-O@(<&j1T?N=cA@6À&D(+6M,;l+7;F�1T.86M=4F�&)(+6M3+7;*-Sp147;W �g=47m14YÄ&D687)�21T&)*UA@6RYUW>*Ä&m*-,o6feq&D6%�+^+6R^{*#��Y-=��+O@*U&)l+^+6Tr

µH(+6j(2147;^��+68,;,x7)1T&D*U=:,)=4F &)6��+,o14,k&D(56À,;=4F & �ÀX 7D1[Wi68S\*U&;&D*#�+O:7)6RO@*-=:�i*U,s,)686%�_=cA@6R7
&D(+6`Y-*US9?
=4F
&)(+693+7;*-Sp147;W ��?N6fFz=@7)6E1_,)=4F & �ÀXn7)1[W¼^5*-3©1T&$� . �  �� �qr µH(+*U,M*-,`Fz=@Y-YU= bo68^¼?<WP1_O47D14^+l+14Y
(21T7)^+6%�+*��+O\&D=cbx147)^+,`&D(+6�68.RY-*-35,)6].86%�u&)7)6 ��*��5^+*-.81T&D*#�+O\1p^+6R.87)6814,)6E*��v&D(+6/,)=4F & �ÀX 7D1[Wq,8rjµH(+6
,;=4F &;X ?21��+^¼7)6[1T.0(+68,ÀSp*#�+*-S9l5S�.R=@l��<&D,À1T&$�&. �  ��   É ���2Yh1T,;&D*#�+O>l��<&D*UY}1p?+7;*-6RF�7)*U,)6�1T&���. X
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�  ��  <� É r	¸À=cbx6fA@6R7��u&D(+6R7)6H*-,¨�+=:,)*UO:�+* �+.[1��<&
,;=4F &;X ?21��+^i6RSp*U,),)*U=:�9l��<&)*-Y+1CF &D687	68.8YU*-3+,;6m68O47)68,;,8r
µH(+6p(2147;^gXn?21<�+^�6 e5(5*-?+*Ä&D,�1{O@7)14^+l21TYJ^568.8YU*��+6i&)=P1vSp*#�+*-S9l5S 1T&�� . �  ��   �T½ ��?Z6RFz=@7;6_1
?+7;*-6fFm7)*U,)6>1��5^V&)(+6p,;l+?+,;68tul+6��<&i6R.8YU*-3+,;6i?uW©&)(+6\,)68.R=:�+^21T7;WÂ=4FJ&D(+6p14.R.87)6f&D*U=:�Â7)68O4*-=:�V1��+^
3+7;*-Sp147;WV1C& � . �   �  <�TÆ5rQµH(+6R7)6|*U,E14YU,)=©1¼^+*-3�1T& � . �  ��UÃ[yP,)686%��*���?N=4&)(',)=TF &i1��+^
(21T7)^gX ?21��+^+, �+bj(+*-.0(¼14YUSp=@,B&H7)6814.0(+6R, �86R7)=\.8=@l��u&),j*��|&D(+6],;=4F &;X ?21��+^�r

� F &)687
&D(+6`,;&)686R3�68.RY-*-35,)6j68O@7;68,;,m1T& �7.  ��  @y � &D(+6`(2147;^��+6R,),x7)1T&D*U=]*-,s7)=@l5O@(+YUW9.8=:�+,B&01��<&
14,�&D(+6�,;=4F &>1��5^�(2147)^��ÀXn7)1[W�6RSp*Ä&)&D*#�+O{7)68O4*-=:�+,E147)6_?N=4&)('Aq*-,)*U?+Y-6TrQµH(+6R7)6|*U,91Q^+*U3�1��+^
,;(2147)3¼7)*U,)6�147)=@l��+^ �&2  �� �4�>*#�{?Z=4&)(¼&D(56/,;=4F & 1��+^{(2147)^¼?21��+^5,��Z3N=@,;,)*U?+YUW|.814l+,;68^Q?<W¼1��
14.R.87;6R&D*U=:��6RA46��<&>=:�'&)(+6_3+7;*-Sp147;W4rPµH(+*U,E*-,/Fz=@Y-YU=cbx6R^'?<W�&)(+6�O@7)14^+l214Yo^+68.RY-*#�+6pFz7;=@S &D(+6
?+7;*-O@(<&�3+(214,;6J&)=À&)(+6JF�1T*��<&�3+(214,;64r	µH(56x6��5^9=4F5&)(+6J?+7)*UO@(<&�35(214,)6o=g.R.8l+7;,	,;Y-*-O4(u&)YUW 6[147;Y-*-6R7�Fz=@7
&)(+6H(2147;^gXn?21<�+^>.8=@S\32147;68^9&D=M&)(+6H,)=TF &;Xn?+1��+^ �u1��5^>&)(+*-,	*-,
14YU,)=M,;686%�p*#�9&D(+6H(21T7)^��+6R,),s7D1C&D*-=��
bj(+*U.0(>,)=4F &)6��+,s147;=@l��+^ �7.   � y@y �@.8=:�5,)*-,B&D6%�u&
bj*Ä&D(E&)(+6H(2147;^ �ÀX 7D1[WE6RSp*Ä&)&)*��+O`7)6RO@*-=:�E?N6R*��+O
6R.8Y-*U3+,)6R^#�27;,;&m?<W\&D(+6ÀY-*US9?>=4F�&D(56M3+7)*US_1T7;W@r�µH(+*-,J^+*U,).87;*-S\*��21C&D68,s?Z6R&nbo686%�v&)(+6 (568*-O4(u&x1��+^
YU=:�+O@*Ä&Dl+^+6`^+6RO@6��+6R7D14.fW|S\6��<&D*U=:�+68^_6[147;Y-*-6R7��q1��+^|*#�+^+*U.[1T&)68,o&)(21T&o&D(+6M(+147)^ �`Xn7)1cWp68S\*U&;&D*#�+O
7;68O@*U=:�vY-6[1T^+,m&D(+6],;=4F &��ÀXn7)1[W|68S\*U&;&D*��5O97)6RO@*-=:�|*#�v3+(214,;64r

� ��
���
 ��� �&%��'+,3��#�1()�&2

µH(+6$�:X ?21��+^p=@?+,)6R7;AT1T&)*-=:�\^+=q68,B�+=4&J.8=cA@6R7o&)(+6À6R.8YU*-3+,;6`?<Wi&)(+6À,;68.R=:�+^2147BW �g?+l5&J&D(+6`68.RY-*-35,)6
*U,o,;686��_*��>&D(+6A@ � ¶ Ã 1��+^ @ � ¶ �]=@?+,;687;AT1T&)*-=:�5,8r � A41T7)*h1C&D*-=��i*��>&D(+6`a2lge\=4F�&)(+6�@ � ¶ Ã
YU*-O@(<&].8l57;A@6>bj*U&)(�35(214,)6\*-S\3+YU*-68,`&D(21C&/&)(+6>&D(+6R7)6>*-,/1|Ag*U6Rbj*#�+O{1��+O@YU6fXn^5683Z6��+^+6%�<&E.R=:�<&D7)*ÁX
?+lg&D*-=���&D=¼&D(+*U,/a2lqe�rQµH(+67�]X ?21��+^�,)(+=cbj,i1Q,B&D7;=:�+OQ7;*-,;6_*���?+7)*UO@(<&,�+6R,),i1C&
� . �  �� �����
bj(+*U.0(Q*U,HYh1T&)687m&D(+1��¼&)(+6],;&01T7;&`=4F	&)(+6],)=4F &BXn?21<�+^Q1<�+^¼(+147)^gX ?21��+^{7)*U,)6/1��+^{*-,HS\=@,B&ÀYU* �T68YUW
.814l+,)6R^Q?<W�.fWq.8Y-=T&D7)=��{6RSp*U,),;*-=:��Fz7;=@S�&)(+6:3N=4,;&;X ,)(+=q.���,B&D7)6814S�Sp1T&)687)*-14Y
�z.RF	¾g.0(<bo=@3N6�1��+^
Å¼6%�+O@6RY��JÃcÆ@Æ<Ç@¡ r � ,/&D(+6p.RWq.8YU=4&D7;=:��*U,�6 eg3N6R.R&D6R^'Fz7)=@S &)(+6p&)=@3�=TFm&D(+6p14.R.87)6f&D*U=:��,;(+=g.�� �
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(+6R*-O@(<&\14?Z=cA@6|&D(56{,;l+7;F�1T.86���,;686v3+7)6fAq*-=@l+,>,;68.R&)*-=:� �5r �grÄÃ ¡fr�µH(+6v^+68.R7)6[1T,)6{*�� ?+7)*UO@(<&,�+6R,),
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Sp14O:�+*Ä&Dl+^56M=4FoÃ �5r ½p1C& ���  ��ÄÃ É r
µH(+6:a2lqe56R,`Fz=47m&D(+6/º]Å @ � =@?+,;687BA41C&D*-=��+,`147)6:^+6R7)*ÄA@68^
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6fAg*U^+6��<&8r
µH(+6jl+,)6`=4F��+68l5&)7D14Y�1T?+,)=@7;35&D*U=:�i*-,E�5=4&s.8=@S\3+YU6R&D6RYUWE3+(<Wg,;*-.814Y-YÄW9.8=47)7)6R.R&o14,
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µH(+6Â6RO@7)6R,),|Fz7)=@S &D(56©^+*-3 S\*��+*US9l+S *U,�Y-=:�5O@687_&)(21��È&)(+6©*��+O47)68,;,��À,)='&D(56Â14?+,)=47)35&)*-=:�
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Fz=@7 ��� ?21T.��V*#��&)={&)(+6_,;3N6R.R&D7;l+S Sp=q^+6RY �5&E*Ä&�*U,],)686%�'&D(21C&E1C&E^+*U3�S\*��+*US9l+S~&D(+6R7)6p*-,
,;*-O:�+* �2.[1<�u&)YUWESp=@7;6H,)=4F & �`Xn7)1cW968S\*-,),;*-=:�9&)(21��\3+7)6R^+*-.f&D6R^\Fz7;=@S��+6Rl5&D7)14Y�14?+,;=@7)3g&D*-=��p1TY-=:�+6Tr
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1T&]&)(+6p.R6��<&D7;6_=4Fo&D(+6\3+7;6fXn6R.8YU*-3+,;6\^5*-3�14,E1|Fzl��+.f&D*U=:��=TFm6��5687)OTW@r�µH(+*U,5�2O@l+7;6p*UY-Y-l5,;&D7)1T&D6R,
&)(21T&E&)(+6p14?+,)=47)35&)*-=:��*-,G�+=4&�^+l+6p&)=Q*#�u&)687;,;&D6RY-Y-147/14?+,)=47)35&)*-=:� �	14,]&D(+*U,/bo=@l+YU^'3+7)=q^+l+.R6�1
(+=47)*��R=:�<&014YsYU*��+6Tr_µH(+*U,�3+7;=cAg*U^+68,/Fzl+7;&)(+687/6RAq*U^+6��+.R6p&)(21T&/&D(+6_14?+,)=47)35&)*-=:�V3+7)=q.86R,),�*��Â&D(+6
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%��dwx(21435&)687i½Â%/6feg3+Yh1T*��'&D(56�&D7)=4l+O@(�Fz6[1T&)l+7)6|=4?+,)6R7;A@6R^d*#�'&D(+6|=@3g&D*-.814YxYU*-O@(<&E.8l+7BA@68,p14,
?Z68*#�+O>^+l+6]&D=>&D(+6]3+7;68,)6%�+.86�=4F	1��¼6 eq&D6��5^+68^©1T.8.87;6R&)*-=:�{.8l+7B&014*#�|&D=@O@6f&D(+6R7Hbj*U&D({.RWq.RY-=4&)7)=:�
S\=g^5l+Yh1T&)*-=:��r�µH(+6$�]Xn?+1��+^_YU*-O@(<&J.8l57;A@6 (+687;6 ,)(5= bj,m1�7)*U,)6`?N6fFz=@7)6À68.RY-*-35,)6 �g1��+^_1�7;*-,)6À1��+^
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*USp3+YU*-6R,]&)(21T&9&)(+6�=@?5,)687BA@6R^�6RSp*U,),;*-=:��*-,9.0(21<�+O@*��5OQbj*U&)(�Aq*-6Rbj*#�+O©1��5O@Y-6>&D=P&)(+6�,;Wq,B&D68S{r
µH(+6R7)6\*-,:1TY-,)=|6fAq*-^+6%�+.86iFz=@7]14?5,)=@7;35&D*U=:�©,)6R6��Âbj(+6��V.8=@S\32147;*��+O�&)(+6i3+7;69&D=v3N=4,;&;X 68.RY-*-35,)6
?+7;*-O@(<&:35(214,)6R,��}1��5^ÂFz7;=@S~&D(+69357)68,;6��+.R6p=TFs^+*-3+, *��©?Z=4&D(P&)(+69,)=TF &;Xn?+1��+^Â1��+^Â(21T7)^gX ?21��+^
�`Xn7D1[WÂYU*-O@(<&].8l57;A@6R,|��¾g68.f&D*-=��0�5r ½u¡ r�KM*-35,:3+7)=@?+14?+YUWP^+l+6p&)=Q1T?+,)=@7;35&D*U=:�V147)6\,)6R6���*��Â&D(+6
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"	*UO@l+7;6 �gr É ��� � �2�f� �Z�-�C� ��&D(+6`Y-*#�+6fX =4FhXn,;*-O@(<&
=4F�&D(+6`3+7)6 Xn6R.8Y-*U3+,)6`^+*U3+,o*#�\&)(+6`,)=4F &BXn?21��5^_Y-*UO@(<&
.Rl+7;A464r���� �x�f� �Z�-�C� �	&)(+6M3+7;6fX 68.8YU*-3+,;6M^+*U3+,m=4F�&)(+6M(2147;^gXn?+1��+^�r
%��|?Z=4&D( �2O@l+7;68,m&D(56M^+=4&;&D68^
YU*��+6:7;683+7;68,)6%�<&D,À&)(+6 �`=q.0(+6]Y-=4?N6 �+1��+^¼1i.[14YU.8l+Y-1T&D6R^v?214Y-YU*-,B&D*-.`&D7)1��;68.f&D=@7BW|*-,H*#�+^+*-.81T&D6R^�r

@ � ¶ ÃÀ1��+^�@ �À¶ �]?21<�+^+,��<bj*Ä&D(\1:.8Y-68147k3+7;6fX 68.8YU*-3+,;6j^+*-3i*#�>&)(+6 @ �À¶ ÃÀYU*-O@(<&	.8l+7BA@6 �g1��+^
1>^+68.RY-*#�+6:*��v?+7;*-O@(<&,�568,),j*#�v&)(+6 @ �À¶ �>,;*-S\*-Yh1T7J&)=>&)(21T&j,;686��¼*��|&D(56 �`Xn7)1cW�?21��+^+,Rr

µH(+6:6feq&)6��<&`*��|3+(21T,)6:=4F}&D(56:,)=4F & �`Xn7D1[W�14?+,)=47)35&)*-=:��,;686%�¼3+7;*-=@7o&D=9&D(56:68.8YU*-3+,;6M.86%�<&D7)6
*#�0"	*UO@l+7;6 �5r ��*#�+^+*-.81T&D6R,:&D(21T&]&)(+687;6\*U,f�+=4&�1{,;*��+O4Y-69bo68Y-Y
.R=@Y-YU*-Sp1T&D6R^©14.R.87)6f&D*U=:��,B&D7;6[14S{r
%��+,B&D6814^ S_1T&)687;*h14YJ143+3Z6[1T7),E&)=P?N6_Y-=q.[1T&)68^�*#��1Q?+7;=<14^ 147;. �s14?5Y-6>&D=©=@?+,;.8l+7;6�&D(+6 �ÀXn7)1[W
6RSp*U,),)*U=:��,;*U&)6pFz=@7E1Q,)*UO:�+* �+.[1��<&�32147;&E=4FH&D(56_=@7;?+*U&8r¼µH(+6_3+7)6R,)6��5.86v=4FH^+*U3+,E*#��&D(56_Y-*UO@(<&
.Rl+7;A468,��x,)l+3Z687;*-S\3N=@,;68^ =:�'&)(+6vO@6��+6R7D14Yx^+68.R7)6[1T,)6{*��'a2lge �J*��+^5*-.[1C&D68,�&D(21T&i&)(+6|Sp1T&D6R7)*h1TY
*U,��+=4&_(+=@S\=@O@6��568=@l+,Rr %��+,;&)6[14^·*U&�143+3Z6[147;,_&D=�.R=:�+,;*-,;&�=4F/1',)6R7)*-6R,�=4F/^+6%�+,)6R7|7)68O4*-=:�+, �
,;l+7)7;=@l��+^+6R^|?<W_1]S\=@7)6`^+* �Nl+,;6`a2=cb]r
µH(+*U,o*U,J14Y-,;=�,;686��|*#�\&)(+6jA41T7)*h1C&D*-=��\*#�p?57)*-O4(u&��+68,;,x=4F
&)(+6],;&D7;6[14S *#��&D(+6]=@3g&D*-.814Y�=@?5,)687BAT1T&D*U=:�+,j*��¼wx(2143g&D687j½ �+1��+^{*-,HS\=g^+6RY-YU68^|*��{wx(+1435&D6R7$�qr
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"	*-O4l+7)6 �5r É Y-=q.[1T&)68,:&D(+6\^+*U3+,]*��Â&D(+6\Y-*UO@(<&:.8l+7BA@6R,9*��V1 �R*-S9l5&)(�r\µH(+6_*#�+^+*-.81T&D6R^ÂY-*��568,
=4Fk3+(214,;6E147;6�.R6��<&D7;68^©=:�v&D(56E3+7;*-Sp147;W �5bj(+*-.0(Q*-,Hbj(+687;6�&)(+6E6RSp*U,),)*U=:�v7)6RO@*-=:�{*-,jYU=g.81T&D6R^ �
1��5^�147;6>32147D1TY-Y-6RY�&)={&)(+6i&D7)l56pYU*��+6R,:=4Fx35(214,)6>bj(+*U.0(�S9l+,B&/3214,),:&)(+7)=@l5O@(V&)(+6\.86��<&)7)6fX =4FhX
Sp14,),Rr µH(56RW ^+= �+=4&��H(+=cbx6fA@6R7��`*��+^+*U.[1T&)6|&D(+6PYU=g.81T&D*U=:� =4FM&)(+6Q6RSp*U,),)*U=:�d7;68O@*U=:��r·µH(+6
3+(+14,)6`Y-*#�+68,
*#�+^+*-.81T&D6m&)(21T&s&D(5687)6`S9l+,B&J?N6`14?+,;=@7)?5*��+O/S_1C&D687;*h14YgY-=q.[1T&)68^>=:�\S_1TO:�+6R&)*-.1�26RY-^
YU*��+6R,x&D(+7;6[14^5*��+O9Fz7;=@S�19,;*-O:�+* �2.[1<�u&mY-6��5O4&D(|=4F}&)(+6:?214YUY-*-,B&D*U.À,B&D7)6814S{r
µH(+6]Y-=q.[1T&)*-=:�p=4F}&D(+6
3+7;6fX 68.8YU*-3+,;6|^+*-3�*U,�A4687;W'.8Y-=4,)6�&D=P&)(+6|68.RY-*U3+,)6�=TF`&)(+6v14.R.87)6f&D*U=:��7)6RO@*-=:� 1<�+^�3+7)*US_1T7;WV*��
&)(+6_YU*-O@(<&/.8l+7BA@6R,��J1��+^�&)(+687;6_*U,E1{.8Y-68147/7)*-,;6pFz=@YUY-=cbj*��5Ov&)(+6_357)6fX 68.RY-*-35,)6\^+*-3�,)686%��*��V&D(+6
(21T7)^gX ?21��+^¼1��+^v&D(+6 @ � ¶ ÃRX ?21��+^�r

µH(+687;69147;6/&nbo=�3Z=@,),;*-?+*UY-*Ä&D*-6R,xFz=@7j&D(+6�Y-=q.[1T&)*-=:�v=4F�&D(+6�3+7)6 Xn6R.8Y-*U3+,)6/^+*U3Q,)=p.8YU=@,)6]&D=\&D(+6
.R6��<&D7;6Q=4F:6R.8YU*-3+,;64r�"	*U7),B&DYUW �J&)(+6{^+*-3�S_1[W =q.8.Rl+7\bj(5687)6{&D(+6{Y-*#�+6fX =4FhXn,;*-O@(<&i*U,p,;l+.0(d&)(21T&
&)(+6{14.8.R7)6R&)*-=:��7)6RO@*-=���*U,9Aq*-6Rbo68^�F�14.86v=:� �x1��5^�&)(+6{1��+O@YU6|?N6f&nbx6R6�� &)(+6vS_1TO:�+6R&)*-.	�26RY-^
YU*��+6R,¼1<�+^ &)(+6ÂY-*#�+6fX =4FhXn,;*-O@(<&�*U,v,)Sp14Y-Y�r µH(+6V=@?+,)6R7;A4687¼&)(+6�� ,)6R68,v&D(+6V68S\*-,;,)*-=�� 7;68O@*U=:�
&)(+7)=@l5O@(�&)(+6{S_1T&)687;*h14Y �;l+,;&\3+7;*-=@79&)=�6%�+.8=@l��u&)687;*��+OV&D(+6v,)(5=g.���r � ,\&)(+6v*��+.RY-*#�21T&D*U=:�'=4F
&)(+69,;Wq,B&D68S§*-,À7)68Y-1T&D*ÄA@6RYUWv(+*UO@( ��&D(+*U,Àbo=@l+Y-^Q7)68tul+*U7)6i1<�©14.8.R7)6f&D*-=��P7)6RO@*-=:�¼Y-=q.[1T&)68^Q1T&MYU= b
Y-1T&D*Ä&Dl+^+6¼=:�È&D(56P,)l+7BF�14.86©=TF:&D(+6©3+7;*-Sp147;W4r µH(+6Â14?5,)=@7;35&D*U=:�È=cA@6R7v1�� 6feq&D6%�+^+6R^ 3+(+14,)6
7)1��+O@6À,)686%�|*��>&D(+6 �ÀX 7D1[W\Y-*-O4(u&s.Rl+7;A468,H*U,J&)(+6��|1/7)6R,)l+YÄ&x=4F�14?+,)=47)35&)*-=:�p?uW\Sp1T&D6R7)*-14Y+bj(+*-.0(
&)(+7)6814^+,i=:�<&D=P&)(+6|Sp14O:�+6f&D*-. �268YU^�Y-*#�+68,E14Y-=:�5OQ&D(+6_?214Y-YU*-,B&D*-.>&D7)1��;68.f&D=@7BW@r � YÄ&D687)�21T&)*UA@6RYUW �
&)(+6p357)6fX 68.RY-*-35,)6\^+*-3ÂSp1cWÂ?Z6ibj(+687;6p&)(+6p=4?+,)6R7;A@6R7E,;6868,/&D(+=4,)6 �268YU^�Y-*#�+68,:.8147)7BWq*��+O{Sp=4,;&
=4FH&)(+6�1T.8.87;6R&)*-=:�',B&D7;6[14S S_1C&D687;*h14Ys1T,�&D(56#�268YU^�YU*��+6R,�YU6[1[A@6_&)(+6�=@7;?+*U&D14Y
3+Y-1��+64r¼%���&D(5*-,
,;.86��+147)*U= �+S\=@,;&x=4F�&D(+6M14.8.R7)6R&)*-=:�|,B&D7;6[14S�S_1T&)687;*h14Y�*-,J&D(+7;6[14^568^v=:�_&)=9&D(+6MSp14O:�56R&D*U. �26RY-^
YU*��+6R, 7)6RYh1T&)*UA468YUWvF�147`Fz7)=@S &)(+693+7;*-Sp147;W{14YU=:�+O_&)(+69?21TY-Y-*U,;&)*-.M&D7)1��;68.f&D=@7BW@r]µH(+*U, 3+7;= Aq*U^+68,]1
Y-147)O@6 14S\=@l��<&x=TF�14?+,)=47)?+*#�+O9Sp1T&D6R7)*h1TY+&D=93+7;=g^5l+.86 &)(+6M3+7;6fX 68.8YU*-3+,;6 ^+*U3�,)6R6��|*#�_&D(+6 �ÀXn7)1[W
1��5^;@ � YU*-O@(<&x.8l+7BA@68,RrH¾g=4Sp6:Sp1T&D6R7)*-14Y�,;l+7;Aq*UA468,j&D(+6]*#�+*U&)*h14Y�&D(+7;6[14^5*��+Oi3+7;=g.R68,;,À(+=cbo6RA4687��
1��5^ .R=:�<&D*��ul+6R,\14Y-=:�5OÂ1Â?+14Y-YU*-,;&)*-.>&D7)1��;68.f&D=@7BW@r�µH(+6R,)6{?+Y-=@?5,9=4FÀS_1T&)687;*h14Yx147)6|6R7)=q^+68^�14,
&)(+6RWP&)7D1[A@6RYk&D(+7;=@l+O@(©&)(+6iS_1TO:�+6R&)=@,)35(+687;6i=4Fo&)(+6i3+7;*-Sp147;W ��O@7)14^+l214YUYUW{.8=��u&)7)*U?+l5&D*#�+O|Y-6R,),
Sp1T&D6R7)*-14Y�&D=\?Z6]&)(+7)6814^+6R^Q=:�{&D=i&D(+6/Sp14O:�+6f&D*-.$�+68Y-^{Y-*#�+68, ��1��+^{(+6��5.86EYU68,;, 14?5,)=@7;35&D*U=:�v*-,
,;686��¼*��|&D(56/YU*-O@(<&H.Rl+7;A468,9��,)6R6)"	*-O@l57)6,�5r(�<¡fr

G
*U&D(5687J=4F�&D(+6À3N=4,),)*U?+*-YU*U&)*-68,
=4l5&DYU*��+6R^p.81���6feg3+Y-14*��p(+=cb �5,;Y-*-O4(u&)YUW>Y-1T&D6R7J*#�_3+(+14,)6 �5&D(+6R7)6



���������
	���� ��� � �����-����/���� %#�#' 	��#� ���$�&%#��' %#, 	��!/1��� Ã �T½

*U,_1�7;*-,;6¼*#�È14YUYH?21��+^+,Rr µH(5*-,_7;*-,;6¼*#� a2lged.8=47)7)6R,)3Z=:�+^+,\&D=�&)(+6Q,;l+^+^+6%� 68S\687;O@6��+.R6Q=4F
&)(+6¼6RSp*U,),;*-=:��7)6RO@*-=:��Fz7;=@S ?N6R(+*��5^�&)(+6{&)(+7)6814^+6R^ 14.8.R7)6f&D*-=�� ,B&D7)6814S ?Z6RFz=@7;6¼6R.8Y-*U3+,)6{?<W
&)(+6],)68.R=:�+^21T7;W@rsµH(+*U,H7)*U,)6:*-,oA@687BW|,)YU*-O@(<&H*#��&D(+6:,;=4F &;X ?21��+^ �+*��+^5*-.[1C&D*��5OE&D(21C&j19A@687BW|,)Sp14YUY
14S\=@l��<&	=4F�S_1C&D687;*h14Yu*U,¨�+6R68^+6R^>&)=:14?+,;=@7)?�&D(+6m,;=4F & �`Xn7)1cWq,RrkµH(+6m,B&D7)l5.R&Dl57)6H=4F2&)(+6 @ �À¶ ÃRX
?21<�+^�3+7;6fX 68.8YU*-3+,;6p^5*-3V*-,],)l+.0(�&D(21T&/&D(56p6RO@7)6R,),E*U,]Y-=:�+O4687:&D(21<��&D(56p*#�+O@7)6R,), >	&D(+*U,�YU=:�+O@6R7
6RO@7)6R,),j.8=@l5Y-^�?Z6:.[14l5,)68^v?<W�,;=@S\6MS_1C&D687;*h14Y�&D(57)6[1T^+*��+OE6[147;Y-*-6R7x*#�_&D(+6:?+14Y-YU*-,;&)*-.H&D7)1��;68.f&D=@7BW
1��5^_bx=4l+Y-^�,;l+3+3Z=@7;&x&D(+6À,)68.R=:�+^|3Z=@,),;*-?+*UY-*Ä&nW>14?Z= A464rJ¸À=cbo6RA4687��+&)(+6 YU=:�+O@6R7o6RO@7)6R,),HSp1[W>?N6
^+l56p&D={&D(+6>Aq*-6fbj*��+O¼1��+O@YU6\&)={&)(+6_,B&D7;6[14S .0(21<�+O@*��5OP1��+^V&D(+6R7)6p?N6R*��+O¼1¼Y-147)O@6R7]147)681¼=4F
14.R.87;6R&D*U=:�{,;&D7;6[14S�Ag*U,)*U?+Y-6 Fz=47HY-=:�+O46878r

� F &)687E&)(+6|7D1435*-^�68.RY-*U3+,)6�=TF`&)(+6|3+7;*-Sp147;W�1��+^'&)(+6v14.R.87)6f&D*U=:��7)6RO@*-=:��*#�'&D(+6 @ � ¶ Ã
YU*-O@(<&i.Rl+7;A46 �o&)(+6{14.8.R7)6f&D*-=���,;&D7;6[14S *��+O@7;68,;,\*U,9,;&)*-YUYx.8YU6[147;YUWVAq*-,)*U?+Y-6Tr�µH(+6R7)6{143+3Z6[1T7),i&D=
?Z6>Y-*U&;&DYU69,;&)7)l+.f&Dl+7;6p*#�Â&)(+6>68.RY-*-35,)6i*��5O@7)6R,),���(+=cbo6RA@6R7�&)(+6i&D*-S\6i?+*#���+*��5O|=4FH�T k,/7;68S\=cA@68,
1��<W�Fz6[1T&)l+7)6�=��'&D*-S\6_,;.[14YU68,9YU68,;,9&D(21��'&)(+*-,Rr "	*-O4l+7)6#�5r ÆP,;(+=cbj,9&D(+6�bj(5*U&D6_Y-*-O4(u&�.8l57;A@6
=4F`GsILKM7D1{.RWq.8YU6����@Æ<Ç��{Fz7)=4S wx(+1435&D6R79½Q&)=@O@6R&)(+687/bj*U&)(�&D(+6��ÀX 7D1[W'1<�+^ @ �À¶ Ã�Y-*UO@(<&
.Rl+7;A468,8r�µH(+6vY-=q.[1C&D*-=��'=4F`&D(+6v,;&D147;&>=TFÀ&)(+6 � &)7)=@l5O@( !
*��'&)(+6v=@35&)*-.[1TYxY-*UO@(<&i.8l57;A@6R,p*U,>1T&
� � �  ��ÄÃ ��� �	14353+7)=[eg*-Sp1T&D6RYUW¼.8=@*#�+.8*U^+6��<&]bj*U&)(�1v^+*U3V*#�V&)(+6>,)=4F &BXn?21<�+^�1<�+^�(21T7)^gX ?21��+^
YU*-O@(<&H.Rl+7;A468,i� "	*-O4l+7)65�gr É ¡ r

�v£�� � ´`´À«
ª ®k¯8°\± «
ª��\¯8°\±

µH(+6],;Y-*-O4(u&x=��N,)6R&j=TF�&)(+6:.86%�<&D7)6:=TF�&)(+6:?+7;*-O@(<&H3+(+14,)6MFz7;=@S �7�� 9*#�+^+*U.[1T&)68,H1��v1T.8.87;6R&)*-=:�
7;68O@*U=:�_=��N,)6f&oFz7;=@S &D(56ÀYU*��+6j=4F�.R6��<&D7;68, �21��+^\&D7D1T*-Y-*#�+OM&D(56À,;68.8=��+^2147BW_,B&0147RrkµH(+*-,o14,BWgS\S\6fX
&)7;W{*-,`.8=:�5,)*-,B&D6%�u&Àbj*U&)(¼&D(+1T&ÀFz=4l��+^P?<W �`6RSp*UY-Y-147)^|6f&:14Y�r��BÃcÆ@ÆgÃ ¡xFz7)=@S�&)(+68*U7À3Z=@Yh1T7)*-S\6R&)7;W
=@?5,)687BAT1T&D*U=:�+,8rdµH(+6V� �x�g��� =@?+,;687BA41C&D*-=��+,p=TF]¾g.0(+YU68O@6RY`1��+^ Å{l �C14*��BÃcÆ@Æ8�@¡��sbj(+6��È14^gX
�;l+,B&D6R^ Fz=47/&)(+6�6835(+68S\687;*-,9=4Fj¾g.0(<bx=@3Z6{1��+^ Å{6��+O@6RY]�BÃ[Æ@Æ<Ç@¡:?<W�¾g.0(5Y-68O468Y:��ÃcÆ@Æ@Æ@¡��	,;(+=cb
1�� 1T,;WqSpS\6R&)7;W�*��'?57)*-O4(u&��+68,;,i,)*USp*UYh147M&)=P&D(21T&9,)686%� *�� "	*UO@l+7;6	�5r � �i&D(21C&i*-, �k&D(+6�3Z=@,B&;X
6R.8Y-*U3+,)6iYU*-O@(<&À.8l+7BA@6>*-, ,)*-O��+* �2.81��<&DYÄWQ?+7;*-O@(<&)687 &)(21��P&D(+1T&:3+7;6fXn6R.8YU*-3+,;64r/µH(+*-,:*USp3+YU*-6R,`&)(21T&
&)(+6914.R.87;6R&D*U=:�{7)68O4*-=:�{,)(21T3N6�*-,j*-7;7)68O4l+Yh147 ��1��+^¼*U&`*-,j,)l5O@O@68,B&D6R^©?uW¼¾q.0(ubo=@3Z6i1��+^PÅ¼6��5O@68Y
��ÃcÆ@Æ<Ç@¡�&)(21T&s*Ä&s*-,
7)*U?+?Z=:�>=@7s147). Xn,;(2143Z68^�rkµH(56À6RSp*U,),)*U=:�i*��i&)(+6j,)=4F &BXn?21��5^_1��5^p(21T7)^gX ?21��+^
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14353N68147),H&D=>=@7;*-O@*#�21T&)6 Fz7)=@S�^+* �N687;6��<&`32147B&D,j=4F�&D(+6/14.R.87)6f&D*U=:�v7)68O4*-=:��r

�v£�� ��°\±©´��[³©¨k¯8°\±©¨

%o(21[A@6E*#�<A@68,B&D*UO<1T&D6R^{&)(+6/14.8.R7)6f&D*-=��{,B&D7;6[14S *#�¼GsI KM7)1>l5,)*��5O>&)(+6/(+*-O@(568,;&jtul21TY-*U&nW �ÀXn7)1[W
=@?5,)687BAT1T&D*U=:� =4FMGsI KM7D1P&D=©^21C&D64r�µH(56{YU*-O@(<&E.8l+7BA@68,\,)(5= b 1�� 68.8YU*-3+,;6|=4Fj&D(+6v3+7;*-Sp147;W
1��5^_&D(+6M14.8.R7)6R&)*-=:�p7)6RO@*-=:�\&D(21C&m*-,o143+357)=[eg*-Sp1T&D6RYUW>=4F�&)(+6 ,)14S\6 ^+l+7)1T&D*U=:�_*#�p&)(+6 �`Xn7D1[Wp14,
&)(+69=@35&)*-.814Y�=4?+,)6R7;AT1T&D*U=:�+,9��wx(2143g&D687 ½u¡frMµH(56 �ÀXn7)1[W¼YU*-O@(<&À.8l+7BA@6R,:,)(+=cb 6RAq*-^+6%�+.869Fz=47M1��
14.R.87;6R&D*U=:�Â7)6RO@*-=:�©&)(21T&/143+3Z6[1T7),M&D=v?Z6i32147B&D*-.Rl+Yh1T7)YUW{6 eg&)6��+^568^'*#�©Y-=:�+O4*U&Dl5^+64r�µH(+6>=���,;6R&
=4F�,;&01T7;&x1��+^_6%�+^_&)*-S\68,s=4F�&)(+6À?57)*-O4(u&o3+(21T,)6 ?Z6R&nbo686%��&D(+6`,)=TF &;Xn?+1��+^�1<�+^p&)(+6 (21T7)^gX ?21��+^
*#�+^+*-.81T&D6R,H&D(21T&j&)(+6�,;=4F &À1��+^¼(2147)^ �ÀX 7D1[Wv68S\*-,;,)*U=:�v7)68O4*-=:�+,`147;6f�+=4&À6��<&D*U7)68YÄW|.8=4*��+.R*-^+6%�u&��
bj*Ä&D(�&D(+6|,;=4F & �ÀX 7D1[W�68S\*-,),;*-=:� 1T3+3N68147)*#�+OP&D=©Y-14OP*#��3+(214,;6v&)(+6|(2147;^ 68S\*-,),;*-=:��=:��&D(+6
,;l+7;F�14.R6�=TF�&)(+6]3+7)*US_147BW@r

µH(+6 �ÀX 7D1[W9YU*-O@(<&
.Rl+7;A468,J,)(+=cb 1 �ul+S9?Z687s=4FN^+*U3+,s1T&)&)7)*U?+l5&D6R^i&D=/14?+,;=@7)35&)*-=:� �@*-S\3+YUWq*#�+O
1��¼*��+(5=@Sp=4O@6��+6R=@l+,ja2=cb =4F
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?Z6p^568^+l+.R68^'?<WV.8=4Sp321T7)*��5O�&D(+6\?+7)*UO@(<&/3+(214,;6p,;3N6R.R&D7)1¼Fz7)=4S�&D(+6\,)=TF &;Xn?+1��+^V?N6fFz=@7)6\1��+^
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�#��<:�H,-)+�-;���)m&�5#<* ���Bo&(�����-��)+!8<:� ,-)����1&@5 ;�,�!#��"�)�St<x5#���-"2!���"i)+�+&�9-����)�<2��!8��,�O;:Q!:�-,-)�B8^2Kk&
6'&@B:B:!8,-)�!:�/)��+&<9-����)+<(�-^D!:,d��&(B:��;�BA&@)��� #6'&(,-�� [<:�D)+$H�k>f<2�-5Y;�B:&@)+!8<:�U<(>>= ;�6p<�S &��� $?*$M;`E �  A@2L2NPO
qW$�!8,V)+�+&�9-����)�<2�-^e,-)+&(�-)�,t&u)�BDCV&��H #�%�� �,J&@)V)�$���)+$��-�1&( H!���"3����"2!:<��YS.$�!:�%$D!:,d&@,�,�;H5?�� #)�<76s�
&@)V)�$��.5]&@":����)�<2,��H$����-!:�W�+&@ �!:;�,�E�F*OHG�)J)�$�!:,Q�s<2!#�9)V)+$���)��+&<9-����)+<(�-^D&(,-,�;�5#��,d)+$�&@)d<(>s&7,-)+!JI
5?&(":���4)+!8�?a'��B: �B8!����hEf)�$����-�[!:,-�H<\ ���>f<(��5?&@)+!8<:�  �;H�])+<\!#�9)+����&(��)�!:<:�iS.!8)+$i)+$��=&@�����-��)�!:<:�
,X)+����&(5]N.�'&@,�,�!#��"])�$���<2;H"2$,E�F?&��H \���� H!���"?<:�m)�$��e,-;��-> &(���e<(>Q)+$��|����!85]&(�X^�&@)k)+$��n"2!{02���
B8<*��&@)+!8<:� <(>C)�$��h&@�����-��)�!:<:�b����"2!:<:� ELKdKDM*NPOxqW$H!:,D)�S/<i�'&(�-)#)+��&<9-���4)+<2�X^ !:,D,�$H<TS"�x)+<_6s�
&\�-�1&(,-<:�'&(6�B8�[&(�H����<1l*!:5?&@)+!8<:�_!�� F/$'&@�H)+���DL*KV&��H �!:,|)�$��[,�&(5?�?,�$'&@�s�[<@>W)+�+&�9-����)�<2�-^ &(,
;�,-�� [!#�?F/$'&(�H)����tIHO�qW$��k!:�-�+&( �!:&@)+!#��"o,-<2;������C!8,d&(,�,-;�5?�� ?)�<|6p�k)�$��k,�$�<Z�%~2��$���&@)+�� ]����"2!:<��cK
B8<*��&@)+�� �&@)Y)�$��[���H �<(>W)+$��=5?&(":�H��)+!8�#a���B: �B8!����#<:��)�$��[,�;H�-> &(���[<(>.)+$��]����!85]&(�X^2OmqW$�!:,
&(,-,�;�5#��,�)�$��o�-��"2!8<:�[!:,/�s<2!#�9)-��B8!:~@�(K9S.$�!:�%$=!8,�&Y,-;Hw#��!:�%�9)k&(�����-<�l*!85]&@)�!:<:�D>f<2�/)�$��o��;H���p<2,��
<(>R)+$H!:,.,-)�;� H^2O

qW$��e)�$����-5]&(B�������,�,-;����D<(>V)�$��Y5?&(":���4)+!:��&(B:B{^=��<��Ha����� _,X)+�-�1&(5 !:,C!8":��<2�-�� `&(,j)+$��e0(�4�
B8<*��!8)�^[<@>Q)+$H�|,X)+����&(5�5?&@)+����!A&@Bc!:,.5Y;��%$m"2����&@)+���W)+$'&���)+$��n,�<(;��� h,-�s���� cO/qW$����-��>f<2�-�(K�)+$��
0(��B:<Z��!{)�^D<(>c)�$��j,X)+�-�1&(5 !:,d��&(B:��;�BA&@)��� ?&(B:<���"n)�$��C5?&(":�H��)+!8��)+��&<9-���4)+<2�X^#>f�-<25�)+$H�C&(������B:����&u�
)�!:<:�=<(> )�$��7,-)�����&(5�!#�[)+$��o"(�+&10Z!8)%&u)+!:<��'&(Bp�s<()����9)+!:&(Bp<(> )+$��7���-!:5?&(�-^?&��H =,�����<:�� '&@�-^2OJqW$��
����<2,-,X��,-���4)+!:<��'&(B &(�-�1&U<(>R)+$��36'&(B8B:!8,-)+!8�j,-���4)+!:<��m<(>R)+$H�3&(��������)�!:<:��,X)+����&(5�!:,�&(,�,-;�5?�� �)�<D6s�
��<:��,-)+&��9)7&(B8<:��"D!8)�,WB:�%��"()+$ OONj<�St��0(���o!#���-�1&(B8!8)�^[)�$��n����<(,�,X� ,�����)+!8<:�'&(B &@���1&DS.!:B8B 0@&(�-^QPd)+$��
,X)+;� H^�<(>�= ;�6s<�S &<�� R?*$M;�E �  A@(L2N/,�$�<�St�� \)�$'&@).)+$��3S.!: *)+$�<(>Q)�$��|,X)+�-�1&(5 �'&(�-��<�S.,j&(,j!{)
��;��-0(��,e)�<TS/&(�- �,|)�$��?�H��!:5?&(�X^2OSG�)1E�F�)+$H�?����<2,-,X��,-���4)+!:<���<(>/)�$��#5]&("�����)�!:�1&@B:B8^m��<��Ha����� 
5#<* H��B ,-)����1&@5g!8,C&@,�,�;H5?�� h)+<?6s�3)+$��|,+&(5#�|&(,k)�$'&@)j<(>�)�$��e�%�� \<(>�)�$��n6'&(B:B8!:,X)+!:�7,X)+�-�1&(5�O
qW$��3,-$'&(�p�7<(> )+$��75?&(":�H��)+!8�1&(B8B8^D��<:�Ha����� �����"(!:<:�=!8,/ ��4a����� �69^])�$��75]&@":����)�!:�ka'��B8 =B:!��H��,
<(> )�$��o���-!:5?&(�-^(KZS.!{)+$])�$��7���-<2,�, ��,�����)�!:<:��&@)��1&(�%$��p<2!��9)�6p��!#��"Y�p���-�s�%�� �!:��;�BA&@�t)+<|)+$��oa'��B: 
B8!�����,�K9&��H U ��������1&@,�!��H"o)+<�S�&@�� �,V)+$H������!85]&@�-^|&(,Q)�$��/a'��B: UB:!#����,���<:�90(����"(�eEf,����T:Q!:"2;H����@ZO � NPO

qW$��-�M;�5Y6p���j ����H,�!8)�^m<(>V)�$��e5#<* H��B�&(��������)�!:<:�m,-)����1&@5�&@)C�1&(�%$��p<2!#�M)j!:,j ���)����-5?!#���� 
0Z!A&[5?&(,-,7��<:��,-���X0(&u)+!:<��i&@B:<:��"?)+$��U,X)+����&(5�OU:'<2�o,-!:5#��B:!8��!8)�^�!{)7!:,o&(,�,-;�5?�� _)�$'&@)7)�$����-�U!:,
��<�&@����;H5Y;�BA&u)+!:<��h<2�j,-)%&@":�'&@)�!:<:�m<(>J5]&@)����-!A&(B &@)VE�FZOW:�<(�o&]5?&(,�,j)+�+&<��,->f���C�+&u)+� XY Kp)+$��
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