
he
p-

ex
/9

80
60

08
   

9 
Ju

n 
19

98

����� � ���
	 ��� ��
������������ �������

��� �"!$#&%('*),+.-0/21434��� �"56'$-879%(+,5:-<; =(>834?@�A�B#&CD7EC8F4=(>G3EHI�4�"JK-<',5:-8; =(>L3 M@�4�"; N '*%(%(F O*P 3 QR�TSU�4�B),!$V %L;E-8W %L'(X$X$Y O(X83
Z��4�"F&-8#45:-8; =(>G34[@�A�BF&-8#45:-8;9\]3A�@�4�"F&%(+*56)*),5:-8;A=^><3 _U�4_`-<56;A)(Xa=b3 c2� _R-8','*C8dBO*=&34ef�4_g%(!$#bV4W )*%(;E1A3 HI� _g%(!$#4JK-8;A;hX,>]3

c4+G�4_i%Lj6CD),+*C&+,)*#45kO*P43 QR� _g%(jml(P434nRVo� _g%(; 5m)*!.VAp 3 ch�4_i%L',; '*%(W +,VA%(',ph34?@�A_i5:-<; !$V 5:\834qE�A_ijmC&W4dBOLX]34[�� _UrC&+,+*!$V %('.s43
���4_iCD',5m),)*C8FtsLYTX,O83AqE�4_g'.-8!$#4P 34_U� _g'.-8WA; pGYTXu\<34_��A_i'$-Gvb=43 ch�4_g',CD; ).sLY O$w&34ex�4_i'8rW !$#b;A%('(X,O43 ���4_i'8rW jmjyXuO<34[@� qE�A_iW jm+*%(;hX,1&3
z �T{|�&SR-<7 5m+.-8;A5k\G34{|�bSR-<',+*%(',= 34{|�&SgV4W J};A%(v O.><3bQR�4Sg5m),~E-<; 5:O$1]3 c2�bSgj:-8'*#4P&3bc2�bSgCDj65mjmjm5:O.1$34[��bSgC4CDJ�~E%()LX(3 z �TZ��8SgC&W '*+(XaP&3
{|�4�B%Lj6VA%(5 �(O$w]34QR�4�"%(F456+*),5m;hXap&34SU� ef�8N %"qb-8�D%('.OLX83bQ��b�"%Bc -<; !(+,5m)$\&3 ���&�"%�ct!.VA%(7 79%('.OLYTX,w&34{|� ��� ���8N %"e�5m+,+�["W ~E%L',+,)$OLX03

{|� �"5h?B%(lLl]-&\43 HI�9�"Cb%L+,).OLX]39HI� ��rW ',%L; pb3A�@� �"F&CD',%(NA),#4v4=b3 z � Q�j6~9-8#45:-8; =(>G3 q9� Q|J}%('*),CD;EO$s(Y O$wG3 ��� �E-<;4+,C&;A5k\<3
�@�E�A%(!$V4+,!$V %(;A#&CbwD3 HI�9� %('*),+*j6p43 ��� ��56!$#9X,s83 ��� ��5m%(N jm%('*pb3A_�� ef� ��5mjm567A7ECD; %(=83 [�� �o5m)*!.VA%('(X,>434[@� n�� �AC&'*+,W ; %GO,=D3
q9�E�A'.-8;Al X,> 3Ech� �A',WAj6j:-<; 5 O.1 3 HI� �a�@� �AW ; # 1 3A?@�T��� z -8�DW ;E-8)*V4Fb5mjm5 w 3 {|� z -<jmW J}5:-8; X 34[@� z -8C Xa= 3D��� z r-<',~9%(' s 3

�i� z -8'*5m~E-8jmN 5:O$1(3 z � z -GFb'*5mj6C8F O*P]39{|� z %(5m�&%L'(X,O83 M�� z VE-<',5m~4vb-8;A=^>G34M�� z 5mC&'*N]�$5:-8;9\]3 �g� z 5mW jm5:-8;A5kO$1L3
��� z C&jm%(; NAC&W #4V 5m;hX,sG3 _U� z '.-<~EC8dR)*#45k1<3 z � z '.-GdUX,\83 ��� z ',%(~9%(; 5mCDW # O,PD3E{|� z '*%(%(;hX$Y O$w83 z � z ',%(%L; 5:-8W )LX.Y O$w83
HI� z '*5m!(5:-&O$183 SU� z '*C&),)*VE-8WA),%('*p 3 �@� z W +,%(p434qE�T{|�4[U-&-8)$O$>&34��� [U-8#D%(jm~E%('*�b183Aef�4[�-<%(~9%(',jm5yX,183 q9� �,���4[�-<; ),%(;9O43

���4[�-<),!$VEsD3 ��� [�-<W ),)*%('.�RO$sLY O$wG3EZ��4["%(; N %L',),CD;EO$w434nRVo�4[B%L; #&%()$OLX&3 Z��4[B%L',+,%L;b~9%('*�&%('LXu\A3D���A[BC&jmjm%('$183 Z�� qE�4["C&jm+(Xa=&3
[��4�aV ),)*%(;E143A�@�4�al(CD+,C8F O*P&3 HI� �aC4N 5m!(%GO.1<3 [@�TQR�4q4-8!$#4),CD;EO&3A�@�4qD�&C&WA;EO*P&3ESU�4qDC&; %()$O&39Z��4��-85m)*%('.O$sLY O$w834qE�A��%Lj6)*%(v9X,w&3
QR�4�U5m; ; %(v4P43EHI�4�U5m',)*!$V pb3A�@�4�U5m),)*%(jm%(F O,P43E{|�4�U5m+,!$V 5m; �AX]34[@�A�UC&~E-Gv4-8),VA5kO*p83EQ��4��CD# O(XG3 ���4��rC&; 5m�&)*JK-<; ;hX,>G3
HI�4�UC&jm),+*%(5m;EOLX034[��4�UC&jm),+*%('(X,\D3 ef�4�UC&'*),!$V =43Ech�4�UCDl(jmC8FtO*P&34M�� �UC&lLj6C8F9Xap&3 Z��4��C8dR-8jm!(lLvb# O839���4�U'.-<J}%('LX,w83
_U� �U'$-8W )*%]s&3A�@�4�U',5mFD!.VA56+*!$VEO*Pb34M�� z �4��'*5mF&C&#4V 5 �$5m; %Gw]39HI�4�UW %(!$#&%L).O$w43 {|�4�UW +,+$O,=43 z �4�Uv4jm%]O$>&34ef� ��-8!$V ; 5m+*pb3

Z�� �o-8;A�&),+$-G/oO$w83 ef� �2C&'*%(; l(CD;EO*=b3 HI� �2W !(%(;4+*56;A5kO$1D34�@�9�hW ; �D=&34?@�9H�-8#45m; )$O83 M�� H�-8jm%(%(F O*P&39ch� �(� H�-8;E-<%(; #DC8FtO*P83
��� H�-8'*+,%(; )LX&34�@�9H�-8+*%(C&)LXuw<3 ��� H�!(�ajmVE-<;bv4=43 Z��T���bH�!(�U%(C8dR; = 3 �g�EH�%L56�D; %('$s&3 �g�EH�%(; N %(;9O.wD3 ��� H�%('*!(%(',P93
���EH�%L+,l8X,\D34?@�EH�%(v4; %(',)$143E��� H�5m#4jmC&W #4V C4O,P83 SU� �@� H�56jmjm%('LX.Y O$wG3EH�� ��� H�5mjmj6%L'(Xa=83EZ��4H�5mjm; %('LXuwD34M@� H�56+*),v4;EwD3
z � H�C4N '$-8# s83AqE� H�CD',+,CD;hXaPb34��� H�C&)*+(Xa=43 Z�� H�CDl(l(%(+*+,5:\434M@�9H�W !(!(5���CD'.-D\83 ���4?�-8�4-85m+,)*%(F w&3D���4?�-<',v4),V #45m;EO*P43
�@�THI�4?U-8+*VE-8;hXa=&3 �g�A?B%(W ;A',%(5m+,VA%(',p 39HI�4?B5m!(l(v479C&'*W #9XuwD34ef� �,�@�D?BC8dR-8# s839HI�4?BWA7 5m%(',5:\D3 {|� �B%Lj6dg%(5m;hX,OD3

[@�E�"�4-8J}5:O*p]34n�� z � ��� ?B%L56jmj:OG3EZ�� �B79%(; )*VE-GdBO$w&34M��E{|-879-GF&-8),)*5mj65mCDWEO$>(3 ch�T�g� {|-8+,%<XuwLY O$>83 ch�9{|-8+,'*5m!.VA%(F O,P43 HI� {|5m+*+,=43
[@� q9� {|jm%(+,+*p 34[@�TZ��4{�CbCDjmJK-8;9O(X$3Ech� {�CD+.-8)*V C8F9Xap&3 ��� {oCD+,+*%(',FD%(jmNEO434_��9{�C8FbV2XuO<34M@�E{�'.-8VAjk1<3 z � ZB-<#b;A%(),)*Pb3
M@� Z"-8l(J�v4),jmC8F45m!$V O*P 3 Z�� Z�%(N dR5m; % X,w 3A�@�TZ��4ZR%LC&jmC&; \ 3 Z�� ZR5m)*+,5m; %(; P 34���EZ�56+*V p 34[�� ��� Z�C&jmC8/ s 3 z � Z�rC&79%(' 1 3
{|� ZRCD),)*5k\<3 ch�EZ�W N ; 5m+,)*#4vtO*=&34[�� ZRW )*),CDpb39�@� Z�v4!.#4~9C&)*!.V2X.XG34��� cA-8#&%LJ}5:O*p]3E�g� c -<;4+.-GF&%L; %(',%GO.1D3 �(� cA-GFb5m;Ew<3
�g�Ec4!$V J�56NA+,p83 [�� c4!$V J}5m+,+LX,>]3 z � c4!$V ; %(jmj:O$>&34���T{|� c4!$V�rW jm%('$1&3A�@� c4!$V4dR5m; NEsD34n�� �a�@� ctV 5m~E-8+$-&O*p83 n�� c4V 5m;hX,w83
_U�Ec45m%(~9%(jm)(X834�@�9c45mJ}C&;2Xu>LY O*>(34���Ec45m; '$-8J�1]34ex� Z��bctJ�vb+*V %(P&34q9�Ec4C8dR5m; )*#45�X,OG3EH�� c47E%L; �&CD).O*=b34���9c47E%L',~9%('.1A3

QR�Ec4+*%$/h%(; ),p 34q9�Ec4+*%(; �D%(',p 34q9�Ec4+*%(d`-<',+LX�P43 �g�Ec4+*C4!.#4pGYTX,OG3 �@� ct+]rC&�Djm%(5m;Es83EH�� c4W +,+*%('(X,wD3 [��4n�-<jmj65m; 5yXaP]3 c2� n�-8'*C&5:-8; =(>L3
�@�4n|%('*#bWAj6C8F9Xap&3 ���4nRV 5m%()*),%(;EO$sLY O$w83 _U� nR5m7 +*C&;hX,wG3 M��4n|',C8�9J}C8F O*P]34�@�An|',W N %LjkO$w83 H�� ngvb+*�b-<+(X$X(3 z �THI�D�B'*!(5mW C&jm5:O$183

Z��4Mg-8;�N %UMBv4F&%L'(X$X034q9�T�i� q9�4F&-8;}NA%(;�_g'.-8;ANEOLX.Y O$\83 z �4F&-8;}NA%('�c4+*%(%(; VAC8F&%(;EOLX834qE� qE�AF&-8;�[BW ; %L;EOLX03
���4F&-<;}eI%()*+,',WAJ}P&34��� Mi-<),),5mjm5m%(F O*P03 H�� SU�4M�%(+,+*%(',jm5:O$s(Y O$w83 H�� z �4MB5m; !(+*%('.O$wD3 QR� M�CDjm#EX,OG34ef�4e�-<; N %('*pb3

n��T{|�&eI%(jm!$VEO$O83 ch�TQR�4e�56jmjm5:-8J�),C&;2X�=]34n��Ae�5m),%8X,183 z �4efrC&~ #D%]183A���AeIC&jmjm%('.1G3 ch�t�iC&;A%(vb-<JK-&O*pG34���9�h-874�y%$�u��rW '*%(;E1D3
n��9�9%(W jm5:O83 [�� �9C&V '$-8~ 5:-<; =(>83

X(�"%(7E-<',+,J�%(;4+iC<��{|V4v4),5m!()G3 �"; 5mF&%('*),5m+av}C<���Bjm~9%(',+$- 39Q|N J}CD;4+,C&;�3&�"j6~9%('*+.-�nB  zf¡ ? ¡ 3 SR-<;E-8N9-
O]{|V4v4),5m!()B�"5mF45m),5mC&;o3D�B'*�&CD; ; %�?U-8+,5mCD;E-8jh�o-<~ECD'.-8+*C&'*vb34�"',�&CD; ; %&3A�,�¢ D£8¤4¥&¦ 3D��ct�

=]ex� ��� �U%(jmjmC&�&��ZB-8NA5k-<+,5mC&;}��-8~o3 SR-<jm5§�yC&',;A5k-"�a; )*+,5m+,WA+,%�C<��n|%(!$V ; CDj6CD�&v43b{|-<).-8NA%(;E- 39Sg�@39¦ ¨&¨ ¡&© 3&�Uc4�
P(?BWA!(jm%]-8'U{|V4vb)*5m!()B�o-<~ECD'.-8+*C&'*vb34�"; 5mF&%('*),5m+av}C<��SgC&jmCD'.-8NACE3D_iCDW jmN %('�SR�xª&£D¥&£&¦0�u£<¤&¤4  38�Uc4�

1G��Q�cD��3 �"%(W +*),!$V %()�Q|jm%(#4+*',C&;A%(;¢c4v4; !$V '*C&+,'*C&;o3 ¡&¡  &£&¥«[�-8J�~AW ',�93 z %L',JK-<;4v
s]�UQ�cb��3o¨ ©&¬ ¥&ª��9%(WA+,V %(;�3 z %(',J�-8;4v

w(qDC&5m;4+i�a; )*+,5m+,WA+,%U��CD'R?BW !Lj6%G-8'BZR%L),%]-<',!$Vo3|¨(¤9¨]¦&ªD£��"W ~ ;E-A3 ZRW )*),5:-
p {|V4v4),5m#&-8jm5m),!$V %L)R�a; ),+*56+*W +]3A�B; 5mFD%(',)*56+Gr-8+BQ|'*j:-8; �D%(;4�a?�rW '*;b~9%('*�E3E¦A¨]£ © ª�Q|',j:-8;A�&%(;o3 z %(',J�-8;4v

\^�a),+,5m+*W +,C�?U-8l(5mC&;9-8jm%UN 5o��56)*5m!]-�?BW !Lj6%G-8',%D3E�o-<~ECD'.-<+,C&'*5h?�-<l(5mC&;E-<j65hNA5o� '$-8),!G-8+,5a34�y�,£&£D£8¤&¤��A'.-8)*!]-8+*5a34�a+.-8jmv
X,>��9-8#4W jm+Gr-8+|�(rWA'B{|V4vb)*5m#­3A�B; 5mFD%(',)*56+Gr-8+B�A',%(5m~ WA',�E3 ¬ ¦ ¨G£8¤�� '*%(5m~ W ',�93 z %('*JK-8;4v

X$X.�"%(7E-<',+*J}%(;4+gC8�ic4W ~E-<+,CDJ}5m!B-8; N�Z"-8N 5:-8+*5mC&;}{|V4v4),5m!()G3 �B;A56FD%(',)*5m+av}C8� z %(;4+]3 ¦D£&£D£ z %L;b+G3 _g%(jm�&5mW J
X,O(H�-8®D�u{�jk-<; !$#D���a; )*+,5m+,WA+��(rWA'R��%L',; 7 V4v4),5m#h3E D¦&£ ¡ ¦�[B%(5mN %(jm~9%(',�93 z %L',JK-<;4v

Xa=8�"%(7E-8'*+,J�%(;4+iC<��{|V4v4),5m!()G3 �B;A56FD%(',)*5m+av}C8�|�ajmj65m; CD5m)]3D�B',~9-8;E-A34�,�I  ¨]ªD£ ¨D3&�Uc4�

¨



XaP]{|V4v4),5m!()U�B%L7E-8'*+,J}%L;b+G34�B; 5mFD%(',)*56+av�C<�i�h5mF&%('*7EC4CDj�34�h5mFD%(',79C4C&j��� &¦ ¬ �hQR3A�B; 5m+*%(N���5m; �DN C&J
Xu1L�B%L7E-8'*+,J}%L;b+gC8��{|V4v4),5m!()]39�"; 5mF&%('*),5m+av�C8��e�5m),!LC&; )*56;t�uH�-<N 5m),CD;o3bH�-8N 5m),CD;o34e�� © ¥ ¬ £& A3&�Uc4�
X,s({|V4v4),5m#&-8jm5m),!$V %()R�a;A),+,5m+*W +]39{|V 5mjm567A7 )a�a�B; 5mFD%(',)*56+Gr-8+RH�-8'*~ W '*�E3 ¥ © £&¥ ¬ H�-<',~ WA',�E3 z %('*JK-8;4v

Xuw �o-8~9C&'$-8+*C&',v���C&'g?BWA!(jm%]-8'Uc4!(5m%(; !(%D3­H�-8),)$-8!$V4W ),%L+,+,)U�a; )*+,5m+,WA+,%UC8��n|%(!$V ; CDj6CD�&v43bSR-<J�~ ',5mN �D%&3&H��f£ ¡ ¨G¥&¦ 3D��ct�
Xap]�h%L~E%(NA%(F�{|V4vb)*5m!]-8j��a; ),+*56+*W +,%D3o¨&¨ ¬ ¦ ¡ ¤@H�CD),!(C8d�39ZRW )*),5:-

X,\Uc4%(#4+*56CD;�{|V4vb)*5m#­34�"; 5mF&%('*),5m+]r-<+BH�rW ; !$V %L;o3hª ©&¬ ¤bª z -8',!$V 5m; �93 z %('*JK-8;4v
O$>(�"%(79-8',+*J}%(;4+gC8��{|V4vb)*5m!()]3A?B%(dfH�%L®b5m!(C}ct+.-8+*%U�B; 5mF&%L',),5m+av43 �o-<)BSg',W !(%L)]39?�H ª&ªD£&£D¥ 3D��c4�

OLX,?�-<+,5mC&;9-&-8jA�a; ),+*56+*W W +RFDCbCD'��U%(',;t��v4),5m!]-�%(;�[BC&�D%$�,Q|; %('*�&5m%$��v4),5m!]- � ?"�a�U[�Q����(3h¨G£&£D¦��"_ �"J})*+,%('*NE-8J 38?B%(+*V %('*jk-<; N )
O$O(�"%(7E-<',+*J}%(;4+gC8��{�Vbv4)*56!L)]3 �"; 5mF&%('*),5m+av}C<�i�B'*%(�&CD;o3 Q|W �D%(; %&3h�UZ ¦ ¬ ¤b£D¥U��c4�

O*=0�"%(7E-<',+*J}%(;4+gC8��{�Vbv4)*56!L)]3 �"; 5mF&%('*),5m+av}C<��{�%(; ;A),v4jmF&-8; 5:- 3 {�V 5mjk-<N %(jm7 V 5:-�{9� ¨G¦ ¨G£8¤8�, &¥D¦& A38��c4�
O*P8{�%(+,%('*),~ WA',�}?"W !(jm%]-<'�{|V4v4),5m!()R�a; )*+,5m+,WA+,%&3hc4+G� {�%(+*%(',)*~ W '*�E3|¨]ªDª&¥ © £�ZRWA),),5:-

O$1(�a)*+,5m+,WA+,C�?�-<l(5mC&;E-<jm%BN 5o��5m),5m!]-�?"W !(jm%]-8'*%&3Ect%(l(5mC&; %�c -8; 5m+��- 3 £&£A¨] A¨BZRCDJK- 3<�a+.-8jmv
O.sL�B%L7E-8'*+,J}%L;b+gC8�i{|V4v4),5m!()G3Ec45mJ�C&;}�A'.-8)*%('R�B;A56FD%(',)*5m+avb34_gW ',;9-8~4vb34_g',5m+*56)*V¢SgC&jmW J�~A5k-�M © � ¨]c  �SR-<;E-8NE-

O$w(nBZ��a��H��g34Mi-<; !(C&WAF&%('G34_i'*56+*5m),V¢SgCDj6WAJ�~ 5:-RM� <n ¡ ��¥A3 SR-8;E-<NE-
O,pG�B%L7E-8'*+,J}%L;b+gC8��{|V4v4),5m!()]39n|C&#4vDC��a; ),+*5m+,W +*%�C8�|n�%L!.VA; C&jmC&�Dvb3Dn|C&#4v&C�¨ ©D¡ 3Dqb-<7E-8;

O$\U�B%L7E-8'*+,J}%L;b+gC8��{|V4v4),5m!()�-<; N��B)*+,',CD; C&J�v438M�'*5 �$%U�B; 5mF&%L',),5m+*%(5m+]3o¨G£&ªA¨R[BM �"J}),+*%(',N9-8J¢3DnRV %�?"%(+,VA%(',j:-8;AN )]�
=(>*�g%(',%(F&-<;�{|V4vb)*5m!()B�a; )*+,5m+,WA+,%&39¥ ¬&© £&¥D  3<�i%(',%LF&-8;o34�"',J}%L; 5:-

���
	���
������
������������� ��!"��#�$%�'&)(+*,�.-�/,(+0,1�2�343+��1�/5(4-�687�9�/)9:2;-<(4-�1.34=�05(+>��:9;-�780)�?*@(4AB(4-C1.34=�05(D>��:7E���'$8(4-��.3+9F0)/5(+1G0)1�9F/)/)�.&)(4-�6

2;H�$I2;3+9;&)(+0)�?78$%2F05(+/5&'2;-�0JHK&'2F*L$%2�3+9;&)(+0)��7M/)9;&'6��?/)0N2;H��PO
QPO
9�-C7:R�����ST������0)�,7�9�/)9 6�(+>��,(4-�HB2;&'*,9F/5(+2;-M2;-U/5���V05$�(4-
0)/5&)=C1?/5=E&'�:2;HT/5�C� -�=�1.3+��2;-WSX����(+0Y$�9;$%�.&Z7E�?0)1.&)(4[%��0:/5�C�YH\2;&']�9�&'7^9;-�6;3+�"05$%�?1�/5&'2�*,�?/)�.&Y[�=E(43+/ HB2�&Y/5��(+0Y$�=E&)$%2F0)��S
���C�P05$%��1�/5&'2F*,��/)�.&_(4-C1'34=C7���0N-�=C*,�'&'2;=�0N/5&'9�1)`�(4-C6�1a��9�*N[%�.&'0PbB*@(+1.&'2;Ac0)/5&)(4$U6�9F0�1)�C9F*J[%�'&'0�O
7�&)(4HB/�9�-C7Y$�&'2;$I2;&'/5(+2;-�9;3
1a��9�*N[%�.&'0'd@(4-<HK&'2�-�/,2;He9;-�7f[I�.�E(4-�7^9<g�S hG�NS *i*T9�6;-���/5(+1Yj��.3+7%O�9�0,]��'343�9�0,9�-^��#�/)�'-C05(+>F� 0)��/,2;He7E�?/)��1�/)2;&'0PHB2;&
$C9�&'/5(+1.3+�@(+7��.-�/5(4j�1�9�/5(+2�-kbB9P3+��9�7�Ac6;3+9�0)0P1�9�3+2;&)(+*,��/)�'&�O
9@$�&'�.Ac05��2;]l�.&N7���/)��1�/)2�&�OC9,/5&'9�-C05(+/5(+2�-"&'9�7�(+9�/5(+2�-<7���/)��1�/)2�&�OC9;-�7
9@/5��&'��05��2;3+7nmo��.&'�.-�`�2�>�7E��/)�?1�/)2;&?d.S���]�2P2;Hp/5���N*,9�(4-YHB��9F/5=E&'�?0q2�Hp/5���N05$%��1�/5&'2F*,��/)�.&_9�&'�q(+/)0�6�2�2�7 9F1�1��.$�/)9;-�1��N9;-�7
(+7E�'-�/5(4jC1�9F/5(+2;-r2;H�[%2�/5� $%2F05(+/5&'2;-�0,9;-�7Y��9�7�&'2;-�0�O
(4-G$�9;&'/5(+1'=E3+9�&@$�(+2;-�0�SP������0)�,1)��9;&'9�1?/)�.&)(+0)/5(+1�0�Op/)2F6���/5���.&P]�(+/5�"/5���
$E=�&)(+/5s�2�H
/5����/)9�&'6���/)0�O�9�&'��9;343+2�]�(4-�6V�_�t��� �l!,/)2@*,9�`���=E-�(+u�=C�N1?2;-�/5&)(4[�=C/5(+2�-C0N/)2N/5���q=�-C7��.&'0)/)9�-C7�(4-C6�2;H%��2;]^/5���
05$E(4-�0�2�H�/5�C�Nu�=�9;&)`�0_1�2;-�/5&)(4[�=�/)�,/)2,/5���N05$E(4-:2�H�/5�C��-�=�1.3+��2�-
S

vawWxCyFzY{B|5|c}�~G|c�Y��xC���K}����@�?�C��|5��xCz�}��%|������%~ ��}F|K�%��~��5�

¡



� ���������
	��

����������

nRV %�[�Q�Z"H�Q�c�%(®47E%L',5mJ}%(;4+ � [UQ�Z � H�Q -8),WA',%(J�%(;4+�C<�
c 7 5m;W��5m)�-�)*%(!(CD; N¢�D%(; %('$-8+*56CD;�79C&j:-8'*56)*%(N�N %L%(7¢5m; %Ljk-<),+*56!
),!G-8+,+*%(',5m; � � �"�,c%�g%(®479%(',5mJ�%(;4+R+,C�),+*W N v�+,VA%�),7 5m;�),+*',W !^�
+,WA',%�C<��+,VA%�;4W !(jm%(C&;����a+�5m)�~E%L56;A�I',W ;�-<+@+*V %�[UQ�ZR�
),+*C&'$-8�&%U'*56;A�}-8+B�UQ�cD��X]�
c4%(FD%('.-<jh%(®47E%('*5mJ}%(;4+,)gC8F&%L'i+*V %Bj:-8)*+iNA%(!]-8NA%�V9-GF&%R7 '*C8�

F45mN %(N�-8!(!(WA'.-8+*%iN9-8+.-"CD;�+,V %g79C&j:-8'*56)$-8+*56CD;�-8),v4J�J}%(+*',vBC<�
+,VA%}!('*C&),)u��)*%(!(+*56CD;���C&' {��%���KxE� {��F} ),!]-<+,+,%L',5m; � dRV %(',%�C&; jmv
+,VA%@)*!]-8+*+,%('*%(N�jm%(7 +*C&; 5m)�NA%(+,%(!L+,%(No��nRV %(),%�%L®b79%('*56J�%(;4+,)
VE-GFD%i~9%(%(;�5m;4+,%('*7 ',%L+,%(N}-<)�)*V C8dR5m; �B+*VE-8+�-<+oJ}CD),+|¥&£�� C<�
+,VA%�;4W !Lj6%LC&;�),7 5m;�!(C&J�%()g��',CDJ +,V %U),7A56;A)RC8��+*V %��4WE-8'*#b)G�
�AW ',+*V %('R#4; C8dRjm%(N �D%BC8�|+,V %"C&'*56�D5m;�C8��+*V %U;4W !(jm%(C&;�� )g),7A56;
!]-<; ~9%��4-85m; %(N�~bv�),+*W N v45m; � ��}�z�{��'{B�%�;�DxE��{��F} 7 ',C4!(%()*),%()
5m;4F&C&jmF45m; �g+,V %�NA%(+,%(!L+,5mC&;�C8�EV9-8N '*C&; )�56;U!(CD5m; !(5mN %(; !L%RdR56+*V
+,VA%�),!]-<+,+*%(',%(N jm%(7A+,C&;�� nRV %()*%¢NE-<+.- C</­%('�-IJ�%]-8; )�C<�
� � -GF&CDW 'a�a+.-<�&�D56;A�E�D+,V %�)*+,'*W !$# �4WE-<',#�+,C�VA%(jm7�5m),C&j:-<+,%U+,V %
!(CD;b+*',5m~ W +*5mC&; )�+,CI+,VA%�;4W !(jm%(C&;�),7 5m;�C<�«+*V %�5m; N 5mF45mN WE-<j
�4WE-8'*# � -GFDC&W '*)]395m; !(jmW N 5m; ��+,V %�),%]-!�4WE-<',#4)]��nRV %@5m;4+,%L'a�
7 '*%(+.-<+,5mC&;�C<�o),%(J�5§�a5m; !(jmW )*56FD%iN9-8+.-«56)�JK-8NA%i!(jm%]-<',%('g5��o+,V %
+av47E%gC8�9VE-8N '*C&;�5m)�56NA%(;4+,5��E%(No��nRV 5m)|5m)�-R!L%(;4+,'.-<j +,VA%(J}%�C<�
+,VA%}[�Q�ZBH�Q�c�%(®47E%L',5mJ}%(;4+G3odRV 5m!$VI!]-<;�5mN %(;4+,5���v�7 5mC&; )
-8;ANKdR5mjmjh-8N N�#&-8CD;}5mN %(;4+*5§�9!]-8+*56CD;���CD'�¨]¦D¦&ª �
nRV %�7 V4vb)*5m!()U7 ',CD�&'.-<J ��C&'"[�Q�Z"H�Q�c�5m)�FD%(',v�~ ',C4-8No�

nRV %R%(®479%(',5mJ�%(;4+�!(C&;4+*',5m~ W +*%()i5m; !Lj6WA),5mF&%RNE-<+.-UdR5m+*V"�4WE-<j§�
5m+.-<+,5mF&%(jmv"N 5�/­%('*%(;4+|),v4),+*%(JK-<+,5m!�W ; !L%(',+$-85m;4+,5m%()�+*CB5mJ}7 '*C8F&%
+,VA%BdgC&',jmN�NE-<+.-U)*%(+���C&'�+*V %$#�N %(79%(; N %L; !(%@-<; N�+,V %"5m;b+*%$�
�&'$-8jhC<�o+,V %U),7A56;�)*+,',WA!(+,W '*%U��W ;A!(+,5mC&;�� X �&% �|�yC&'g~ECD+,V�+,V %
7 '*C&+,CD;¢-8;ANK+*V %�; %(W +*',C&; � ),%L%@~9%(jmC8d ��C&'R+*V %�N %$�E; 5m+*56CD;
C8� % �(�gH�C&)*+R56J�7ECD',+$-8;4+,jmv438[�Q�Z"H�Q�c�5m)R7 '*C8F456NA56;A�@; %Ld
7 '*%(!(5m),%�NE-<+.-�C&;�)*%(J}5��a56;A!(jmW ),5mF&%U7 '*C4!(%(),)*%()�~bv�F45m',+*W %@C<�
+,VA%��&C4C4N�-8!(!(%L7 +.-<; !(% C8��+,V %�),79%(!(+,'*C&J�%(+,%('�!(C&J�~A56;A%(N
dR5m+,V�VE-<N ',CD;�5mN %(;4+,5��E!]-<+,5mC&;�-<; N�+,V %�7 W '*56+av�C8��+,VA%�+.-<'a�
�&%L+,)]�
nRV %�[UQ�ZR� ),+*C&'$-8�&%�',5m; �f!G-8; ~E%��Ejmjm%(N dR56+*V %(5��

+,VA%('U%(jm%(!(+,'*C&; )�C&'U7ECD),5m+,'*C&; )G3hdRV 5m!$V¢-8'*%�-<!(!(%(jm%('$-8+*%(NI+,C
¡&¬ � ©�z %(M���{�C&)*5m+,',CD; )�VE-GFD%}~9%(%(; W ),%LN )*5m; !(%I¨]¦D¦ © ~9%$�
!]-<W ),%�jmC&; �D%('B~9%]-8J jm5���%(+*5mJ}%()R-8'*%@+*V %(; 7ECD),),5m~ jm%&�Uc45m; !(%
dR5m+,V���%(d %(®4!(%(7A+,5mC&; )"),W !$V¢-<)R+,V %�j6WAJ}5m; C&)*5m+av�J}%]-<),W '*%$�
J}%L;b+G3(+*V %i7AVbv4)*56!L)o7 '*Cb!L%(),)*%()`-<',%�+*V %g).-8J�%���C&'�7ECD),5m+,'*C&; )
-8;AN�%(jm%(!(+*',CD; )]3g+,VA%}+,%L',J(',79C&),5m+*',C&;*)�dR5mj6jg~9%KWA),%(N���CD'
~9C&+,V�5m;}+*V 5m)R7E-879%('G�
�a; -8N N 5m+*56CD;�+*C�),+,WAN v456;A��7ECDjk-<',5m),%LN �"�,c W ),5m; �
+[", +��,$-8;AN += [B%�+$-8',�D%(+,)G3oN9-8+.-�-<',%�!(C&jmjm%(!(+*%(NIdR5m+,V W ; 79C8�
j:-8'*56)*%(N��4-8),%L) � [ O ,.� O , =h["%�,,? O �L�onRVA56)�7 ',C8F45mN %()|5m;@-�',%(j��-8+*5mF&%(jmvB)*V C&'*+|7E%('*5mCbN�C8� +*56J�% � ¡ �,¥Rdg%(%(#4)��oVA56�DVU),+.-<+,5m),+*5m!()
NE-<+.-"),%(+*)i+*VE-8+g-8',%RWA),%(N�+*C�),+*W N v�56J�7ECD',+$-8;4+o7 '*C&79%(',+*5m%()
C8�h+,VA%B;4W !(jm%(CD;�; C&+�'*%(j:-8+*%(N}+*C�),7 5m;o3D),WA!.V�-8)�+*V % � -GF&C&WA'
-/.1032146587:9�;�<>=�?A@CB�D8D858EF</G1HFIFJKB�;FD8L�JNMF<O<PHQ<C9�RS587:IF7&</E�HTL

.10321U�0WV

-<),v4J}J�%(+,'*vUC8�o+,VA%R),%]-A3 -8)�dg%(jmj­-<)�VE-<N ',CD; 5m).-8+*5mC&;�56;�;4W4�
!Lj6%L5��

X Y[Z��
Z\�^]`_bacZedK
��^�gf
�K�������

nRVA%B[�Q�ZBH�Q�c�%(®47E%L',5mJ}%(;4+g5m)ijmC4!]-8+*%(N}5m;�+*V %�Q�-8)*+iVE-<jmj
C<��+,V %�[UQ�ZR� ),+*C&'.-<�&%�'*5m; ��!(CDJ}7 jm%(®�-<+K�UQ�cD���gnRV %
)*7E%L!(+,'*C&J}%L+,%('�56)}-���CD',dR-8',N -8; �Djm%K5m; )*+,'*W J}%(;4+�C8�U!(C&;4�
FD%(;4+,5mC&;9-8jBNA%(),5m�&;�� �a+}5m)})*v4J}J}%L+,',5m!�-8~9C&W +�-I!(%(;4+*'.-8ja3
VAC&',5ml(CD;4+.-8j�),V 5m%(jmN 5m; ��7Ajk-<+,%I5m; +,V %�JK-8�D; %(+G� �"W %I+*C
+*V 5m)U),v4J}J�%(+,'*vb34+*V %�N %()*!(',5m7 +*56CD;¢C<�`+*V %�N %(+,%L!(+,CD',)�!(C&;4�
+$-85m; %(N�56;�+,V 5m)U7E-879%('UdR5mjmj�-87A7 jmvK+av47 5m!]-<jmj6v�+*C}C&;Aj6v�CD; %
V9-8j��BC8�B+*V %�),79%(!(+,'*C&J�%(+,%('G3g56;�7E-8'*+,5m!(W j:-<'@dR5m+,V�',%()*7E%L!(+
+*C}+*V %@;4W J�~9%('"C8�iN %L+,%(!(+*C&'*)"�4W CD+,%(NI-8; N�+,V %(5m'UN 5mJ}%L;4�
)*5mC&; )G� � N 5:-<�&'.-<J�C8��+,V %�)*7E%L!(+,'*C&J}%L+,%('�5m)�)*V C8dR;�5m;
��5m�E�"¨&� nRV % !(C4C&'*N 5m;E-8+*%¢)*v4),+,%LJ�W )*%(N�~4v�[UQ�ZBH�Q�c
V9-8)g+,V %"l«-<®456)g-8jmC&; ��+,V %"~E%]-<J J}CDJ}%(;4+*W J�3G+,V %Uv�-8®45m)
FD%(',+*5m!]-8j�W 74d`-<',N )G3E-8;ANK+*V %�®�-8®45m)iV CD',5ml(CD;b+$-8ja3479C&5m;4+,5m; �
+*C8d`-<',N )�+,V %�C&W +*),5mN %}C<�`+*V %}'*5m; �E��nRV %�7ECDj:-8' �Nh �@-<; N
-<l(5mJ�W +,V9-8j �&i ��),!]-<+,+*%(',5m; ��-8;A�&jm%()�-<)Bdg%(jmj�-8)B+*V %�56;A56+*5:-8j
+*'.-(�^%(!(+,CD',v���C&'�+*V %BNA%(+,%('*J}5m;E-<+,5mC&;�C<�o+,V %"7E-8'*+,5m!(jm%&� )iJ�C8�
J�%(;4+,W J -8'*%�J}%G-8),WA',%(N ~4vK+*V %���',CD;b+"+,'$-8!$#456;A�}),v4)*+,%(J 3
dRVA56!$V�!(C&; )*5m),+,)�C8��J}5m!('*C&)*+,',5m7I�4-8)�!$VE-8J�~9%('*) � H�c z SU3
'*%$��%('*',%(N�+,CI-8)�+,V %�F&%L',+,%L®�!$VE-8J�~9%('*) � MBSN�'��-8;AN�N '*5§�y+
!$VE-<J�~E%L',) � �RMBSU39�oSU¨Tj ¡ �L�RnRV %�J}C&J�%(;4+,W J J�%]-8)*W ',%$�
J�%(;4+R5m)B!(CDJ}7 jm%(+*%(N�~bv�+adgC})*%(+,)UC8�gN ',5���+"!.V9-8J�~9%(',)R~9%$�
VA56;AN¢+*V %}J�-8�&;A%(+ � _`SU¨kj ¡ -<; NI_`SR¥Qj8¤C�(���a;�-8N N 5m+*56CD;o3
+*V %('*%«-<',%U+,VA',%(%�7A',C&79C&'*+,5mC&;9-8j9!.V9-8J�~9%(',)g5m;}+,VA%�J�-8�D; %(+
� H�SU¨TjD¥��|+*C�V %(jm7�JK-8+*!$V���'*C&;4+R-8; N�~E-<!$#�+,'.-<!$#b)R-8)gdg%(jmj
-<)o+*C�+*'.-<!.#�j6C8d J}CDJ}%(;4+*W J�7E-<',+,5m!(jm%()|+*VE-8+�N CU; C&+�',%]-<!.V
+*V %U',%]-<'B)*%(!(+,5mCD;KC<��+,V %U),79%(!(+*',CDJ}%(+*%(']�
{|-8',+*5m!(jm%�5mN %L;b+*5��E!]-8+*5mC&; � {��,�T��5m)i7A',C8F45mN %(N�~4v�-�jm%]-8N4�

�Dj:-8),)|!]-<jmC&',5mJ�%(+,%('G3&-"7 ',%^��)*V C8di%L'iN %L+,%(!(+*C&' � [ ¡ ��!(CD; ),5m)*+a�
5m; �RC<�E+adgCB'.-<N 5:-8+*56CD;�jm%(; �D+,V )�C8�Ejm%]-<NU��C&jmjmC8dg%(NU~bv�-�7 j:-8)a�
+*5m!�),!(5m;4+,5mjmj:-8+,CD'BV C4N CD),!(CD7E%D3�-�+,'$-8; )*56+*5mC&; '.-8NA5k-<+,5mC&; N %$�
+*%(!(+*C&' � nBZB�,��!(CD; ),5m),+*5m; �UC8�h),5m®@5mN %L;b+*5m!]-8j J�C4N W jm%()]38-<; N
-�+,V '*%(),VAC&jmNmlSg%('*%(; #&C8F�N %(+,%L!(+,CD' � lSN�(��nRV %g7E-8'*+,5m!(jm%�5mN %(;4�
+*5��E!]-8+*5mC&;U),v4),+*%(JfdR-8)�N %()*56�D; %(N�+,C"7 ',C8F45mN %i-�VE-8N '*C&;�'*%$�
�^%(!(+,5mCD;U��-8!L+,C&'�C8��¨G£8P�+*CBv45m%(jmN@-RFD%(',v�!(jm%]-8;@�"�,cU79C&)*5m+,',CD;
)$-8J�7 jm%&3R-8; N�%L®b!L%(%(N )�+*V 5m)}5m;�7 '$-8!(+*5m!(%&� {|5mC&;�56NA%(;4+,5��
�9!]-8+*56CD;I5m)@7 '*C8F456NA%(N�~4v�-�+,V '*%(),V CDjmN lSg%('*%(; #&C8F�N %(+*%(!$�
+*C&'G�o�";�W 7 �&'$-8N %"+,C@-"'*56;A��5mJK-8�D5m; � lSg%(',%L; #&C8F�N %(+*%(!(+,CD'
+*VE-8+"dR5mj6jh5mN %L;b+*5���v}~9C&+*V�7 5mC&; )B-<; N�#&-<C&; )R5m)B~9%(5m; ��7 '*%$�
79-8',%LN���CD'}CD7E%('$-8+*56CD;�5m;f¨]¦D¦&ªA�fnRV % !]-<j6CD',5mJ}%L+,%('}-<; N
7A',%$�a),V C8dg%('"N %(+,%L!(+,CD'�-8'*%U56;A!(jmW N %(N�5m;}+*V %U+,',5m�D�&%('B-<j6CD; �
dR5m+*V�-�),%(!LC&; N V C4N C&)*!(C&79% � [@¨F��7 j:-8!(%LN�5m;���',CD;4+RC8��+,V %
nBZ"��� �B;I-8NAN 5m+,5mC&;E-<jh+,'*56�D�&%('UV C4N CD),!(CD7E% � [U£��"dR-8)U5m;4�
!Lj6WAN %(N 56;�¨]¦&¦D �5m;���',CD;4+BC8�R�oSU¨�+*C�',%(N WA!(%�+,V %�+,'*5m�&�&%L'
'$-8+*%B�y',C&J ~E-8!$#4�&'*C&W ; N�!]-<W ),%LN�~4v}+,VA%�7A',C&+*C&;�~9%]-8J �
nRV %R-8!(!(%L7 +.-<; !(%g56)�jm56J�5m+,%(NU-8+o)*JK-<j6j8-8;A�&jm%()o~4v�-8;U5m',CD;

¥



��5m�&WA',%�¨��|c4!$V %(J�-8+,5m!U),5mN %UF45m%(d�C<��+*V %U[�Q�Z"H�Q�c�),79%(!(+*',CDJ}%(+*%(']�Rc4%(%�+,V %U+,%L®b+���C&'g+,VA%�J}%]-<; 5m; ��C<��+,VA%�j:-8~9%(jm)]�

7 j:-8+*%�5m;¢+*V %�~E%G-8J 7 j:-8; %D3hdRV 5m!$VI),V 5m%(jmN )�+*V %�79C&),5m+*',C&;
-8;AN�7 ',CD+,CD;�~E%G-8J})9�y',C&J +,VA%iJ�-8�&;A%(+,5m!h�9%(jmN�C8� +,VA%i)*7E%(!^�
+,'*C&J�%(+,%('"JK-<�&; %(+G�R_gC&+,V ~9%]-8J�)B�&C�+,V '*C&W �DV�+,VA%@)*7E%(!^�
+,'*C&J�%(+,%('G3�)*%(7E-8'$-8+*%(N ~bv ¬D¡ !(J �¢{|-8'*+,5m!(jm%()�dR5m+,V�),!]-<+a�
+,%L',5m; �}-8;A�&jm%()RdR5m+,V 5m;��@¨ ¬ £�J}'$-8N}5m;�+,V %�VAC&',5ml(CD;4+.-8jhNA5§�
',%L!(+,5mC&;�-8; N�~9%(+adg%(%(;�� ��� �a¤b£«J}'.-<N�-<; N�� ��� �(¨(¤4£UJ}'$-8N
5m;}+*V %�F&%L',+,5m!]-<joN 5m'*%(!(+,5mCD;�-<',%�-8!L!(%(7 +*%(No�gnRV %('*%$��C&'*%&39+,V %
'.-<; �&%�C8�U),!]-<+,+,%L',5m; ��-8;A�&jm%()�56)�¤b£�J}'$-8NI+*C ¡D¡ £�J�'.-8N��
c47 5m;I)*+,',WA!(+,W '*%���W ; !(+*5mC&; )�N %(79%(; N�C&; %n�N%
	�� Okj ¡ H�

dRV %('*% � 5m)�+*V %���CDW 'a�aJ}CDJ�%(;4+,W J +*'.-<; )a��%L'@5m;I+,VA%}�B�,c
',%G-8!(+*56CD;o3

�5m)R+,VA%�%L; %(',�Dv�+,'.-<; )a�y%(']3h-8;AN�H 5m)R+,VA%�J�-8)*)
C8�o+*V %B;4W !Lj6%LC&;W�L�|nRV %UF&-8',5:-<~ jm% % !]-8;�~E%U5m;4+,%('*7 ',%(+*%(N�-8)
+,VA%}�y'.-8!L+,5mC&;�C8��+*V %�;4W !(jm%(C&;�� )�J}CDJ}%(;4+*W J !]-8'*',5m%(N ~4v
+,VA%�),+*',W !$# �4WE-8'*#­�gnRV % % '.-<; �&%�!LC8F&%('*%(N�~4v}+*V %�[�Q�Zg�
H�Q�c %L®b79%('*56J�%(;4+�5m)�£ �T£ ¡ �^¨D� £A3h-8jm+,V CDW �&V +,VA%(',%�56)�j65m+*+,jm%
!(CDW ;4+�'.-8+*%���CD'�®
�B£A� ª�dRV %(; e � ¡Iz %(M � e 5m)�+,V %
7 V CD+,CD;4��;4W !Lj6%LC&;�5m;bF&-<',5:-8;4+�J�-8)*)?�(�
nRV % %(®47E%('*5mJ}%(;4+}5m)�J}CDW ;4+,%(N�C&;�-�j:-8'*�&%�7 j:-<+a��CD',J

+,V9-8+�!]-<;�J�C8F&%�CD; '.-<56jm)�+,CD�&%(+*V %('�dR5m+*V -<;f-8+,+$-8!$V %(N
+,'$-85mjm%(' � Q�nP��!(CD;b+$-85m; 5m; � +,V %�%(jm%(!(+,'*C&; 5m!()�-<; N +,V %��4-8)
),v4)*+,%(J�)]� � �E®4%(N ~ W +}'*%(J}C8F&-<~ jm%�!(C&; !L',%(+*%�dR-8jmjB~9%$�
+adg%(%(; +,V % 7 j:-<+a��CD',J -8; Nx+,V %�Q|n ),VA56%Lj6NA)¢+*V % JK-85m;
7E-<',+UC8�i+*V %�VE-8jmj���',CDJ '.-<N 5:-8+,5mCD;�-<; N V %(; !(%}-<jmj6C8dR)B-<!$�
!(%()*)B+*C@+*V %B%(jm%(!L+,',CD; 5m!()BdRVA56jm%R+*V %�-8!(!(%Lj6%L'.-8+*C&'*)�-8'*%B'*W ;4�

;A56;A�E�fSR-<~ jm%()K-<; N��b-<)}7 5m79%()�~E%L+adi%(%L;�+*V %¢NA%(+,%(!L+,C&'*)
-<; N�+*V % Q�n -8'*%�',CDW +,%LN�~9%(; %]-<+,V +*V %¢7Ajk-<+a��CD',J +,C -
j:-<',�&%�!]-8~Aj6%�+,'$-Gvf7E-<),),5m; � W ; NA%('I+,V % )*V 5m%(jmN 5m; ��dR-8jmja�
nRVA%�%(®47E%L',5mJ}%(;4+"d`-<)�-8)*),%(J�~Aj6%LNK5m;�+*V %@Q�-<),+"VE-8jmjoCDW +a�
)*5mN %}+*V %�),V 5m%(jmN 5m; ��NAW ',5m; � +,V % ¨]¦D¦8¤�[UQ�ZR� '*W ;o� �R�:�
+*%('R+,VA%�),V 5m%(jmN 5m; ��dR-8jmjhVE-8N�~E%L%(;�N 5m),J�-8;4+,jm%(N�3&+*V %�7 j:-8+u�
�yC&',J j8+*'.-85mjm%('"d`-<)�J}C8FD%(N�5m;4+,C�7 j:-8!(%�5m;I+*V %}'*56;A�E��nRV %
)*V 5m%(jmN 5m; �IdR-8jmjRd`-<)}'*%$��%L',%(!(+*%(Nf~9%(+adg%(%(; +,V %�7 j:-8+a�yC&',J
-<; N +,V %I%(jm%(!L+,',CD; 5m!()�+*'.-85mjm%('�5m;�)*W !$Vf-�d`-Gv +,V9-8+�+,V %
%L®b79%('*56J�%(;4+}!(CDW jmN�~9% J}C8F&%LN��a-8'�%(; CDW �&V�dR5m+*V 5m;�+,V %
)*V 5m%(jmN 5m; ��+,C¢-<jmj6C8d +*V %�[�Q�ZR� J�-85m;4+,%(;E-<; !(%�+,'$-8J�-8!$�
!L%(),)"+,C�+,VA%�+*W ; ; %Lj�CD; ¡ ¤�V C&W '*)R; C&+*5m!(%&�

� ����Z��6]����AZP��� Z��"�������

nRVA%R[�Q�Z"H�Q�c�+$-8'*�&%(+�!LC&; )*56)*+,)gC8�o�4-8)|��'*C&J -U7ECDj:-8',5m)*%(N
)*C&W '*!(%��y%(NI5m;b+*C�-})*+,CD'.-8�D%}!(%Lj6j�56;4+*%(',;E-<ji+*C�+,VA%�[�Q�Z��
79C&)*5m+,',CD;�',5m; �9�o�a;�¨]¦&¦ © 38-8;�C&7 +*56!G-8jmjmvB7 W J�7E%LN�7ECDj:-8',5m)*%(N
+= [B%�!(%(jmjRdR-8)�W ),%(N +*C¢)*W 7 7 jmv��4-8)�+,C +,V %�),+*C&'.-<�&%�!(%(jmj
� ¨��,3 dRVA56jm%�-8;�-<+,C&J�5m!R~E%]-<J ),CDW ',!(% � �B_Rc%�"dR-8)RW )*%(N�5m;
¨G¦&¦D G�,¦ ¬ +,C}7A',C4N W !(%�- +[x+.-<',�&%L+ � ¡ �,�RnRV %��B_Rc�dR5mjmjh~E%
J�C4N 5��E%(N���C&'UCD7E%('$-8+*56CD;¢dR5m+*V +� 5m;�¨]¦D¦&ª0�u¦D¦ �U�a+U5m)«-<jm),C
79C&)*),5m~ jm%�+,C�5m;]�$%L!(+�W ; 79C&j:-<',5m),%(N �b-<),%()�5m;4+,C}+*V %})*+,CD'.-8�D%

¤



!(%(jmja�gnRV %U��CDjmj6C8dR5m; ��di%('*%@WA),%(N 5m;K+*V %U�E'*),+U+,VA',%(%�v&%]-<',)
C8�|C&79%('.-<+,5mC&; �|[ O ,.� O , =h[B%Q,,? O �nRV %B+$-8'*�&%(+g',%(�D5mC&;�5m)i)*V C8dR;})*!$V %(JK-<+,5m!]-<j6jmv�5m;}��5m�E� ¡ �
nRV %��4-8)�%(;4+*%(',)�-8; C&79%(;4�a%(; N %LN � 56%D��dR5m; N C8dRjm%()*)?��ng�
),V9-879%(N¢+*W ~9%@+*VE-8+"!(C&;4�9; %()�+*V %@�4-8)U-8+,CDJ})R5m;�-�'*%(�&5mC&;
-8'*C&W ;AN�+,V %"7ECD),5m+,'*C&;�~9%]-8J �hnRV %B)*+,CD'.-8�D%B!(%Lj6j95m; !('*%]-8)*%()
+,VA%«-<',%]-<jo+$-8',�D%(+RN %(;A),5m+av}~4v}-8~9C&WA+R+adiC�C&'*N %(',)"C8�|JK-8�<�
; 5m+,WAN %¢!LC&J}79-8',%LN +*C - ��',%(%I-8+*C&J�56!�~9%]-8J � nRV %��4-8)
-8+*C&J�)Bjm%]-8#�C&W +U+,VA%@CD7E%(;I%L; N )�C<�`+*V %�+.-<',�&%L+�!L%(jmji-8; N
-8'*%U7 W J}79%(N�-Gd`-Gv�~4v}-�V 5m�&V�),79%(%(N�N 5�/­%('*%(;4+,5:-8j�7 W J�74�
5m; ��)*vb)*+,%(J �o�a;�+*V 5m)idR-Gv438+,V %";4W J�~E%L'�C8��-<+,C&J�)|),%(%(;�-8+
+,VA%�+.-8'*�&%(+UjmC4!]-8+*5mC&;�~4v�+*V %@~9%]-<J 5m)UJK-8®45mJ�5ml(%(N�dRV 5mjm%
J}5m; 5mJ�5ml(5m; �U+,VA%@%$/h%(!(+UCD;K+*V %�),+,CD',%(N�~E%]-<J¢�gnRV %�)*+,CD'a�
-8�D%i!L%(jmjE5m)�-8;�%(jmjm5m7 +,5m!]-<j4+,W ~9%&34¦ �Tª"J}J V 5m�&V�~bv ¡ ¦A�T£RJ}J
dR5mN %�-8; N�¤b£&£�J}J 56;�jm%(; �D+,Vo�g�a+RdR-8)"JK-8NA%BC8�B¨ ¡&© � J
+,VA56!$# W jm+,'$-G�a7 W ',%}-<jmW J}5m; 5mW J 5m; ¨]¦D¦ © -8; N ¬D© � J -8jmW4�
J}5m; 5mW J 5m;�¨]¦D¦& G�,¦ ¬ ��nRV %�+,'$-8; )*56+*5mC&; ��'*C&J +*V %}!L%(jmj�+,C
+,VA%}~9%]-8J�7A5679%}dR-8)�JK-<N %�),J}C4CD+,VI+,C -GF&C&5mNI+*V %}�D%(;4�
%('$-8+,5mCD;�C8�BdR-8#D%��E%(jmN )�+*VE-8+�!LC&W jmN�!G-8W )*%KVA%]-8+*56;A�¢-8; N
5m; !('*%]-8)*%B+,VA%B%(J�56+*+.-<; !(%gC8�o+,VA%R~E%]-<J¢��nRV 5m)�dR-8)�-8!(!LC&J��
7 jm5m),V %LN�W ),5m; ��+*V 5m;�7E%L'a��CD'.-8+*%(N}+*W ~9%()i!G-8jmjm%(Nb',dR-8#D%��E%Lj6N
),WA7 7 ',%L),),CD',)/)E�
nRV %}-8J�C&W ;4+"C8�R),v4; !$V ',CD+,'*C&;I'.-<N 5:-8+*56CD;¢!L',%]-<+,%(N�W 74�

),+*',%]-<J�C<�«+*V % [�Q�Z"H�Q�c -8',%G-I5m)}!(CD; ),5mN %L'.-8~Aj6%D3U%(F&%(;
+,VAC&W �DV�5m+�5m)K'*%(N W !L%(Nf~4v +,V %I-8N NA56+*5mC&; C8�@+adgC di%]-<#
N 5m79C&jm%()oNAC8dR; ),+*',%]-<JfC8�9+,V %gj:-8),+|~9%(; N 5m; �"JK-<�&; %(+h5m;�+,V %
-8'*!}C<�`+*V %K-<!(!(%(jm%('$-8+,CD']� �y�R56+�di%('*%�-8jmjmC8di%(N +,C�V 5m+�+,V %
+.-<',�D%(+B!(%Lj6ja3A56+RdgC&WAj6N�NE-<JK-<�&%R+,VA%�!(%(jmj|!(Cb-<+,5m; �93 -8; N�C&;
+,VA%�CD',N %L'RC8�i¨]£tXa=R�B¨]£tX�P"),C<��+i)*v4; !$V ',CD+,',CD;�7 V C&+*C&; )g79%('
),%L!(C&; N�diCDW jmN}SgC&J�7 +,CD;�),!]-<+,+*%('R5m;b+*C�+,VA%B),79%(!(+*',CDJ}%(+*%('
-8!L!(%(7 +$-8; !(%D��nRV 5m)�5m)|7 ',%LF&%(;4+,%LN}~4v�-")*vb)*+,%(J C8�h+adiCU!(CDj§�
jm5mJK-8+*C&'*)R56;A),+.-<jmj6%LN�; %]-<'�+*V %�+.-8'*�&%(+G�@SU¨�56)"7 j:-8!(%LN ¡ J
W 7 )*+,'*%]-8J C8�U+,V %�+$-8'*�&%(+}-<; N�7 '*C&+*%(!(+,)�+,V %�; %L®b+�!(C&jmjm5��
JK-<+,CD'B�y',C&J N 5m'*%(!(+�'.-8NA5k-<+,5mC&;����a+�-<!(+,WE-<jmj6v�!(C&; )*5m),+,)�C<�
+adgC}J}C8FD%]-8~Aj6%U!(CDjmj65mJ�-8+,CD',)G3 SU¨([f5m;�+*V %�V C&'*56lLC&;4+.-<j�NA5§�
',%L!(+,5mC&; -8; N�SU¨(M 5m;�+,V %�FD%(',+*5m!]-8ja3 )*%(7E-<'.-8+*%(N�~4vK£A� © J �
nRV %()*%�!(C&jmjm5mJK-<+,C&'*)`-<',%�CD7E%(;A%(N¢NAW ',5m; ��~9%]-8J 56;G�$%(!(+*56CD;
-8;AN�C&79%('.-<+,%(N -8+K-�;E-8'*',C8d ~ W +�).-G�y%�),%(+*+,5m; � � ¨ ©�� �
£ � © J}J"��N W '*56;A��[�Q�Z"H�Q�c CD7E%('$-8+*56CD;o� �"W '*56;A��+,V %
�E'*),+�+,VA',%(%�vD%]-8'*)�C8�UC&79%('.-<+,5mC&;o3g+av47 5m!]-<ji~9%]-8J 7E-<'.-8J��
%(+*%(',)�dg%('*% ��� 	 £ �T¥A¨UJ}J -<; N ��� 	 £A�T£ ¬ J}J �iS ¡ VE-8)
-��9®b%LN�-879%(',+*W ',%�+*VE-8+U5m)B)*j65m�DVb+*jmvKj:-<',�&%L'B+,V9-8;ISU¨&3h-8; N
5m)�jmCb!G-8+,%LN�',5m�&V4+�56;���'*C&;4+�C8��+*V %�),+*C&'$-8�&%�!(%(jmjU+,CI7 '*C8�
+,%L!(+R5m+���'*C&J 7 V CD+,CD; )R),!]-<+,+*%(',%(N�56;}SU¨D�|�a+`-<jm),C�7 ',CD+,%(!(+*)
+,VA%�!(%(jmj���',CDJ N 5m',%L!(+U'.-8NA5k-<+,5mC&;�N W '*56;A�}~9%]-8J 5m;]�$%(!(+*5mC&;o�
?BCD+,%U+,V9-8+RC&;Aj6v}S ¡ 5m)R)*V C8dR;�56;���56�9� ¡ �
{|-8',+*5m!(jm%()¢)*!]-8+*+,%('*%(N 56;4+*C�+,V % )*7E%(!L+,',CDJ}%(+*%(' -<!(!(%(7t�

+.-<; !(% %(®45m+ +*V % +.-<',�&%L+ !.V9-8J�~9%(' +,VA',C&WA�&V - +,VA56;
� £A�T¥UJ}J"�o)*+.-<56;Aj6%L),)g),+,%L%(jh��CD5mj���_R-8!$#4�&',CDW ; N���',CDJ�)*V C8dg�
%('*) � 56;A56+*5:-8+,%LN�J}CD),+,jmvU~4v���� )���',CDJ
	h>gN %(!G-GvI��56)|'*%(N W !(%LN
~4v@-8jm)*CBJK-<#456;A�i+*V %R~E%G-8Jf7A5679%h�$W ),+|N C8dR;A),+,'*%]-8JxC8�h+,V %

gas injection

storage cell

fixed collimator

e-beam

spectrometer

exit window

pumps

suppressors

wake field

target

vacuum chamber

thin walled

beam pipe

��5m�&WA',% ¡ �oc4!$V %LJK-8+*5m!�C8�E+*V %g+.-8'*�&%(+�',%(�D56CD;o�oc4%L%R+,V %g+,%(®4+
�yC&'gJ}C&'*%B%(®47 j:-<;E-8+*56CD;o�

+$-8'*�&%(+R!$VE-<J�~E%('gC8��+*V 5m;}),+$-85m; jm%()*)B),+*%(%(ja�

� ����Z
� ] ���
ZP�P�

nRVA%B[�Q�ZBH�Q�c�)*7E%(!L+,',CDJ}%(+*%('RJK-<�&; %L+�5m)iC<��+,VA%B[R�a+av47E%
dR5m+*V��E%(jmN�!(j:-<J}7 )R5m;���'*C&;4+�-<)Udi%(jmj|-8)U~E%LV 5m; N�5m;�C&'*N %('
+*C@'*%(N W !L%@+*V %"��',5m; �D%B�9%(jmN )B-8+g+,V %�7ECD),5m+,5mC&;�C8�|+,V %UN '*5§�y+
!$VE-<J�~E%L',)K��S ¡ -8; N�_RSU¨&� � J�-8),)*5mF&%�5m',CD;�7 j:-8+*%�5m;
+*V %�)*vbJ�J}%(+*',v�7 j:-8; %�)*V 5m%(jmN )B+*V %�7ECD),5m+,'*C&;¢-<; N�7 '*C&+,CD;
~9%]-<J})R-8)R+,VA%(v}7E-<),)"+,V '*C&W �DVK+*V %UJK-<�&; %(+G�
nRVA%�J�C&)*+i5mJ}79C&'*+.-<;b+���%]-8+*W ',%L)BC8�|+,V %�JK-8�D; %(+i-<',%��

� �a+�5m)�!]-879-8~ jm%�C8�B7A',C8F45mN 5m; ��-�N % � %L!(+,5m; � 7EC8dg%('�C8�
������� 	 ¨&� © n�� J 3�-8jm+,V CDW �&V 5m+�5m) C&79%('.-<+,%(N -<+
¨&�T¥ n�� J +,C '*%(N W !L%�7EC8dg%('I!(CD; ),WAJ}7 +*56CD;o� nRV %
),JK-<jmj6%L'U�E%(jmN 5m;b+*%(�&'$-8jgN C4%()};AC&+�),5m�&; 5��E!G-8;4+,jmvI5mJ��
7E-85m'U+,V %�79%('u��C&'*JK-8;A!(%�C8�R+,V %�)*7E%L!(+,'*C&J}%L+,%('G��nRV %
F&-8',5:-<+,5mC&;�C8�R+,VA%�N % � %(!L+,5m; ��79C8di%L'�dR5m+,V 5m;�+*V %}-8!$�
!(%(7 +$-8; !(%�56)Rjm%()*)B+*VE-8;I¨]£A���

� nRV %R�b-<7@~9%(+adg%(%(;�+,V %R79C&jm%g��-<!(%()�%L; !(jmC&)*%()R+,V %R�D%(C8�
J}%(+*',5m!]-8jB-<!(!(%(7A+.-8;A!(%¢C<� � � ¤b£A�6�m¨L¤b£���J}'$-8NI5m; +,V %
F&%('*+,5m!]-8j�N 5m',%L!(+,5mC&;�� �a; +*V %�V CD',5ml(CD;b+$-8j�NA56'*%(!(+*56CD;
�@¨ ¬ £�J}'$-8N 7 jmW )�-8; CD+,V %L' ��¨]£D£�J�'.-<N ),+.-<',+*56;A�
VE-8j���dR-Gv¢+*V ',CDW �&V�+,V %�JK-<�&; %L+@5m)}7A',C8F45mN %(No��nRV %
7ECDj6%«��-8!(%L)«-<',%�+*5mj6+*%(N�7E-<'.-<j6jm%(j�+,C�+,V %�jm56J�5m+,)gC8��+,V %
F&%('*+,5m!]-8j�-<; �&W j:-<'B-8!(!(%L7 +.-<; !(%&���"W %�+*C}+,VA%@jm5mJ}5m+,%LN
),7E-<!(%�C8��ª � © J ��C&'�+*V %�[�Q�Z"H�Q�c�),79%(!(+*',CDJ}%(+*%('
~E%(+adg%(%(; +,VA%¢!(%L;b+*%('�C<�@+,V % +.-<',�D%(+K-<; N�+,VA%��E'*),+
�bW9-8N '*W 7ECDjm%�JK-<�&; %(+hC<�E+,VA%i%(jm%(!L+,',CD;@J�-8!$V 5m; %&3GCD; jmv
¡ � ¡ J ~E%(+adg%(%(; +,VA%KNA',5���+�!$VE-8J�~9%('*)}�oS ¡ C&;�+,V %
��',CD;b+�-8; NI_RSU¨�C&;I+*V %}'*%]-8'�),5mN %�-8'*%�W +,5mjm5ml(%(N ��CD'
+,V %UJK-<�&; %L+]�

� nRV %��y',5m; �&%«�E%(jmN¢-8+"+,V %�79C&),5m+*56CD; )BC<�i+,VA%�-<N]�(-8!L%(;4+
N ',5���+g!$VE-8J�~9%(',)RNACb%L)B; CD+i%(®4!(%L%(N £A�m¨Bn��

©



� �";K%^/­%(!L+,5mF&%�J�-8�D; %(+,5m!R)*V 5m%(jmN 5m; �@)*W ~ )*+.-8;4+*5k-<jmj6v�'*%$�
N WA!(%()g+,V %R%$/h%(!(+RC<�­+*V %RJK-<�&; %L+�CD;@+*V %B7A',C&+*C&;�-8; N
79C&)*56+*',CD;@~9%]-8J�)]�h�a;�7E-<',+,5m!(WAjk-<']3G+,VA%R),%(®4+,WA7ECDj6%gJ}C<�
J�%(;4+RC8��+,V %�JK-8�D; %(+*56!"�E%Lj6N�56;�+*V %@~9%]-<J +*W ~E%L)�5m)
J�56;A56J�5ml(%LNo�

� � !(CD',',%L!(+,5mC&; !LC&5mj�dR5m+,V - N % � %(!(+*56;A� 7EC8dg%('�C<�
£A� £Dª�n�� J 5m)@-8!(!LC&J}J�C4NE-8+*%(N�56;A),5mN %�+,VA%}),VA56%Lj6NA56;A�
C<��+*V %I7ECD),5m+,'*C&; ~9%]-8J 7 5m7E%D� nRV 5m)�!(CD56j�56)�W )*%(N
+*C�!(C&'*',%(!(+"��CD'��y',5m; �&%"�E%Lj6NA)B-8; N�+,VA%�5mJ}79%('a��%L!(+,5mC&;A)
C<�B+,V %�JK-8�D; %(+*56!�),VA56%Lj6NA56;A��5m;I+,V 5m)�),%(!(+*5mC&;�C<�B+,V %
5m',CD;�7 j:-8+*%&�|�a+i5m)R-8jm),C�56;4+*%(; N %(N�+*C�!(C&J�7E%L; ).-<+,%U+,V %
+*'.-8;A),F&%L',),%�V C&jmN 5m; �U�9%(jmN}C8�o+*V %U+.-<',�&%L+idRV %L;KCD7E%L'a�
-<+,5m; ��dR5m+,VI+*'.-<; ),FD%(',)*%K79C&j:-<',5m).-<+,5mC&;o���a+�)*%(',FD%()}-8)
-<;I%(jm%(J}%(;4+UC8�B-�!(jmCD),%(NICD',~ 5m+�~ WAJ}7�dR5m+,VI;AC�; %(+
�Dj6CD~E-8j9%$/h%(!(+UC&;�+,V %�7ECD),5m+,'*C&;�~E%G-8J¢�

H�-<�&; %(+*5m!�J�C4N %(j !]-<jm!(W j:-8+*56CD; )gdi%('*%UN C&; %UdR5m+,V�+,V %�¥D�R�
!(C4N %() H������a� � ¥ �K-<; N nB�Uc Sg� � ¤ �u� nRVA% !G-8jm!(W j:-G�
+,5mCD; )B-8�D',%(%�dR5m+,V�),W ~A),%��4W %(;4+UJK-<�&; %L+,5m!UJ}%]-<),W '*%(J}%(;4+*)
dR5m+,V 5m;I-���%(d 7E%L',!(%(;4+G��nRV %��E%(jmNIJ}%G-8),WA',%(J�%(;4+,)Udi%L',%
N CD; %IdR5m+,Vf-�¥D�R�a[�-<jmj�7A',C&~9%�CD; -<;f-8W +*C&J�-8+,%LN ¥D�R�
JK-<7 7 5m; ��JK-<!.VA56;A%&��nRV %�',%L),W jm+,)U%(®4V 5m~ 5m+B-<;�C8F&%('$-8jmjo'*%$�
7 '*CbNAW !(5m~ 5mjm56+avIC<�«-<~ECDW +�¨]£��E=&3g-8; N�-��E%(jmN�7E-8+*+,%('*;�-8)
%(®479%(!(+,%LNo�R?BC�VAC&J}CD�&%(;A%(C&W )R'*%(�&5mCD; )B-8'*%U��C&WA; N�N W %U+,C
+,VA%�V 5m�&V �b-<7 +,CIjm%(; �D+,V '.-<+,5mCIC8�U+,V %�J�-8�D; %(+]3g-8; N�-
7 '*C&; CDW ; !(%(N�),+,%L7�5m;K+*V %U�E%Lj6N�5m)RC&~A),%('*F&%(N +,VE-<+R',% � %(!(+,)
+,VA%R),+,'*W !(+*W ',%"C8�E+*V %R5m',C&;�),V 5m%(jmN 5m; �U7 j:-8+*%&��nRV %iNA%(+.-<56jm%(N
�E%(jmN�J�-87UdR-8)o5m;4+,%L�&'.-<+,%(N�5m;4+,CR+,VA%i+*'.-8!$#U',%L!(C&; )*+,'*W !(+,5mCD;
-8jm�DC&',5m+*V J¢3&-<)RN %()*!(',5m~9%(N�j:-8+*%(']�

� ���
Z � �^]`
��
�k�������
d���Z
	

nRV %�+*'.-8!$#45m; ��),v4),+*%(J�)*%(',FD%()@)*%(F&%L'.-8j���W ;A!(+,5mC&;A)]3�dRV 5m!.V
F&-8'*v�),CDJ}%(dRVE-<+i5m;�+,VA%(5m'R7E%('u��C&'*JK-<; !(%U',%��4W 5m'*%(J}%(;4+*) �

� �"%(+*%(',J�56;A%�+,V %�%(F&%(;4+UF&%L',+,%L®�5m;K+*V %�+.-8'*�&%(+"!(%(jmj|+,C
%(;A),W '*%B+,V9-8+�'*%(!(C&;A),+,'*W !(+*%(N�%(F&%(;4+*)i!(CDJ}%�CD; jmvU��'*C&J
+*V %¢)*W ~4�aJ}J�~9%]-8J %(;4F&%(jmCD7E% 5m;�+,V %I+$-8'*�&%(+��b-<)]3
dR5m+,V�+*V %R%(®479%(!(+,%LN�l$�aN 5m),+,'*5m~ W +,5mCD;o�o�"jm),CE3D+,VA%B-8;E-<j§�
v4),5m)|C8�9%(F&%(;4+*)�dR5m+,V�J�W jm+*567Aj6%|+*'.-8!$#4)|',%��4W 5m'*%()�%(5m+,VA%('
-�!(CDJ}J�C&;�F&%L',+,%L®­39CD'R7ECD),),5m~ jmv�-8;�-<N N 5m+,5mC&;9-8j9N 5m)a�
7 j:-<!(%(N�F&%('*+,%(®���CD'`-�'*%(!(CD; ),+*',W !(+*%(NI7E-<',+,5m!(jm%UN %(!G-Gvb�

� H�%G-8),WA',%}+*V %�),!G-8+,+*%(',5m; � -8; �Dj6%L)U��C&'U#45m; %(J�-8+,5m!�'*%$�
!(CD; ),+*',W !L+,5mC&;o�

� H�%G-8),WA',%�+,V %�79-8',+*5m!(jm%�J}CDJ}%(;4+,WAJf�y',C&J +,VA%�+,'$-8!$#
N % � %(!(+*56CD;�5m;}+*V %�),79%(!(+*',CDJ}%(+*%('BN 5m79C&jm%BJ�-8�D; %(+]�

� �aN %L;b+*5���v�+,V %"V 5m+,)g5m;}+,VA%�{|�,� N %L+,%(!(+*C&'*)�-8)*),C4!(5:-8+*%(N
dR5m+,V�%]-<!$VK+*'.-<!.#h�

e�V %(;�-<jmj�+*'.-<!.#45m; ��N %(+*%(!(+*C&',)�-8'*%���W jmjmv�C&79%('.-<+,5mC&;E-<ja3
+*V %�J�C&J}%L;b+*W Jf'*%(),CDjmW +,5mC&;���C&'R79C&)*56+*',CD; )B5m)Rjm5mJ}5m+,%(N�~4v
_g',%LJ}),)*+,'$-8V jmW ; � 5m;x+,V % JK-<+,%('*5:-8j�C8�K+*V %�+$-8',�D%(+I!(%(jmj
dR-8jmjm)]32+,V %}£A� ¥�J�J +,V 5m!$#�),+$-85m; jm%()*)@)*+,%(%(jgF&-8!LW W J dR5m;4�
NAC8d�3B-8)�di%(jmj�-8)�+*V %��9',),+�+*'.-8!$#45m; ��NA%(+,%(!L+,C&'*)]� Q|F&%(;
+*V %U',%()*C&jmW +*56CD;�56;�),!]-<+,+*%(',5m; ��-8; �Dj6%"5m)R; C&'*JK-8jmjmv�jm5mJ}5m+,%LN
~4v�J�W jm+,5m7 jm%�),!]-<+,+*%(',5m; � 5m; +,V 5m)�JK-<+,%('*5:-8ja� �B;�%L®b!L%(74�
+*5mC&;�dR-8)}¨G¦&¦ © 39+,V %��9',),+�v&%]-<'�C8�iCD7E%L'.-8+*5mC&;o3�dRV %(; +,V %
jmC8d %��}!(5m%(; !Lv�C8�@J�C&)*+�7 j:-8; %()�C8�@+*V % M�%(',+*%(®�SgVE-<J��
~9%('*) � 56J�7 ',C8FD%(NU��CD'B¨]¦D¦& ���CD'�+*V %B+*C&7�N %L+,%(!(+*C&'��gJK-8NA%�5m+
J�C&'*%@-8+*+,'.-<!(+,5mFD%@+*C}',%L!(C&; )*+,'*W !(+�+,V %�+*'.-8!$#4)UW ),5m; ��CD; jmv
+*V %RN '*5§�y+�!$VE-8J�~9%(',) � �USN�(3&-<)�dR5mjmj ~E%"%(®47 j:-85m; %(N�j:-8+*%('�5m;
J�C&'*%�NA%(+.-<56ja�"nRV 5m)UJ}C4N %UC8�iCD7E%L'.-8+*5mC&; ',%()*W jm+,%(N 5m;�+,V %
'*%(),CDjmW +,5mC&;IC<�B',%(!LC&; )*+,',WA!(+,%(N�#b5m; %LJK-8+*5m!"�4WE-<;b+*5m+,5m%()�~9%$�
5m; �UJ�W !$V�J�C&'*%i)*%(; ),5m+*56FD%R+,C�+*V %B�US�),7E-<+,5:-8j '*%(),CDjmW +,5mC&;��
nRV %�jmC4!]-8+*56CD; )BC<�i+,VA%@+*'.-8!$#45m; ��N %(+*%(!(+,CD',)�-8'*%@)*V C8dR;

5m;@��5m�E�A¨i-8;AN@jm5m),+*%(N�5m;�n�-8~ jm%U¨&38dRV 5m!$V�-8jm),CU),WAJ}JK-<',5ml(%()
+*V %(5m'R7 '*C&79%(',+*56%L)]�
nRV %�J}5m!(',CD),+*',5m7��b-8)"!(C&WA;b+*%(',)�MBSU¨Tj ¡ 3 +*V %@NA',5���+BFD%('a�

+*%(® !$VE-8J�~9%(',)}��MBSU� )]3i-<; N +,V %���',CD;b+�NA',5���+�!$VE-8J�~9%('*)
��SU¨Tj ¡ 7A',C8F45mN %R~ECD+,V�F&%('*+,%(®�'*%(!(C&;A),+,'*W !(+*56CD;�+,C�+*V %B+$-8'a�
�D%(+]38-<; NUN %$�E; 5m+*56CD;UC8� +,V %�),!]-<+,+,%L',5m; ��-<; �&jm%&�2�a;�!(C&;G�$W ; !$�
+*5mC&;}dR5m+*V}+,VA%B�y',C&;4+g+,'$-8!$#456;A�E34+,VA%�~9-8!$#�N ',5���+g!$VE-8J�~9%('*)
_RSU¨Tj ¡ -8; NI_RSR¥�j<¤�J}%]-<),W '*%�+,V %�J�-8�D; %(+,5m!�N % � %L!(+,5mC&;
-<; N V %(; !L%�+,V %�J}C&J�%L;b+*W J¢� nRV %�_RSU� )}-8jm),CI5mN %(;4+*5§�yv
+*V %�!(%(jmjm)@5m;�+,V %�{|�,� N %(+*%(!(+,CD',)�-8)*),C4!(5:-8+*%(N dR5m+,VI%]-<!.V
+*'.-<!.#h� nRV %�7A',C&79C&'*+,5mC&;9-8jR!$VE-8J�~9%('*)}5m; ),5mN %�+*V %�JK-<�8�
;A%(+ � H�SU¨kj&¥E�gdi%('*%�C&'*5m�&5m;E-8jmjmv�56;4+*%(; N %(N�+*C�%(; ),WA',%�+,VE-<+
J�WAj6+*5���+*'.-8!$#�-8J�~A56�DW 5m+,5m%()�!(C&W jmN�~E%"',%()*C&jmF&%(N��|�B)g56+�VE-874�
79%(; )G3h!$VE-8J�~9%('RC4!(!(WA7E-8; !L56%L)«-<',%�jmC8d�%(;AC&W �DV�+,VE-<+B+*V 5m)
!G-8;�~E%�-8!L!(C&J�7 jm56)*V %(N�W ),5m; ��+*V %�N '*5§�y+B!$VE-8J�~9%('*)B-8jmC&; %D�
["C8di%LF&%('G3�+,VA%�H�SU� )�-8'*%���C&W ;AN�+,C ~9%KFD%(',v�W ),%^��W jg��CD'
J�C&J�%(;4+,W J�-8;E-<jmvb)*5m)�C8�}jmC8d %L; %(',�DvfN %L!]-Gv 7 ',C4N WA!(+,)
+*VE-8+g-8',%"N % � %L!(+,%(N�+,C4C�J�W !$V�+,C�'*%]-8!$V�+,V %"N C8dR; )*+,',%G-8J
+*'.-<!.#45m; ��N %(+*%(!(+,CD',)G�
nRV %�V CD',5ml(CD;b+$-8jDj6%L; �&+*V�C8� +,VA%i_RSU� )o7 '*%(!(jmW N %(N�+,VA%�W ),%

C<�ijmC&; ��V CD',5ml(CD;b+$-8j|dR5m',%()«��C&'Uv�J�%]-8)*W ',%(J�%(;4+,)G��[B%L; !(%
-<jmjo7 j:-8;A%()�-<',%�C&; %�C8�i+*V ',%L%@+av479%()UdR56+*V¢dR5m'*%()BCD',5m%(;4+,%(N
%L56+*V %('"56;�+,V %�F&%('*+,5m!]-8j � ��C&'�
 J�%]-8)*W ',%LJ}%(;4+?�L34C&'R+*56jm+*%(N
¥D£��U'*5m�&V4+iCD'Bjm%$��+ � �f-8; N�Mx7 j:-8; %()��(���a;KCD',N %L'B+,C�-8jmjmC8d
+*V %BWA),%BC<�E�a-8),+�',%(!(CD; ),+*',W !L+,5mC&;�-8jm�DC&',5m+*V J})G30-<jmj +,'$-8!$#456;A�
NA%(+,%(!L+,C&'*)�-8',%�',%()*+,',5m!(+*%(N�+,CR+*V 5m)h�&%(CDJ}%(+*',v4�o�h5m#D%�+*V %�'*%(),+
C<� +,V %g),79%(!(+*',C&J�%(+,%L']3D+,V %g+,'$-8!$#456;A�B),v4)*+,%(Jx56)�),v4J}J�%(+,'*5m!
-<~ECDW +R+,VA%�~9%]-<J 7 j:-<; %&�

����� �������������! #"�$&%'���)(
nRVA%¢7 WA',79C&),%�C8�@+*V %IF&%L',+,%L®�!$VE-<J�~E%('*)�56)�+*C 7A',C8F45mN %
VA56�DV4�a7 ',%(!L56)*5mC&; J}%]-<),W '*%(J}%(;4+*)�C<�`+*V %})*!]-8+*+,%('*5m; �¢-8;A�&jm%
-<; N +,V %�FD%(',+*%(® 7ECD),5m+,5mC&; C8FD%('�+,V %���W jmj`-<!(!(%(7A+.-8;A!(%IC8�
+*V %B%L®b79%('*56J�%(;4+]345m;�+,VA%�7A',%()*%(; !(%�C8��-�),5m�&;A5§�9!]-8;4+�~E-<!$#&�

 



n�-8~ jm%�¨��|n|'.-<!.#45m; ��SgVE-8J�~9%('g7 ',CD7E%L',+,5m%()G�

� � � �� �� �	�
 � �� 

 �� � �	�
 � �� �
 �� � �	� �� � � � �� �


 � � �� � �
 � � � � � �� � �� 
 � � � �� � �� � �� � �� � �� � �� �� � �� ��

� � �
 � � �� 
 � � � �� � ��  � �! ! �  �! � �  ! � ��  � ! � � � � � � � !    " ! !

�� � �$# � �
 � �%

� �
 �$& �� � � ' ( � � ) � � � � � � � �� � � ! � �! � �� � � � ! � � � � � " " ! � " �!

�	�
 � �� � ' ( � � ) � � � � � � � �! � " ! � "! � � � � ! � � � �  � ! �� !

� � ' '* �+ � �� � �� 
 �+ �
 �$, �� + - �
 �$& �� �� '/. * 
 �� � - �
 �$& �� � � '/.* 
 �� � � 01 � - �
 �$& �� � � '/.* 
 �� �

� � ' '$2 �* � - ( � � ) ! 3 � � � � � � �  

�. � , '� � � �� , ( � � ) � � � � "

�� �* � ( � ) �� � � 
 �� ' �! ! 4 � � '� + + ( � ' ) 0 ( �$5 ) 0 ( �$5 ) 0 ( � 5 ) 0 ( � 5 )

�� �* � 2 �
 � * �� � � � �
 � 4 � �! 4 � � ! 4 � �  4 � �  4 �

1 � � � � � �� '2 �
 � �� � 6 ' � '+ �
 �, � � . � 5 ( �$5 ) � ' ( �$5 ) � � . � 5 ( � 5 )

1 � � � � � �� '2 �
 � * �� 3 "  4 �  ! 4 �  ! 4 � � � � 4 �

�$� � - �* � ( � ) �� � � 
 �� ' � ' �� � '� + + � ' �� �	7 '� 
 � ' �� �7 '� 
 � � . � 5 2 �
 �+ � �� 8	� , � ��

�$� � - �* � � - �� �� �+ + �! ! 4 � � � 4 � � 3 � 4 � �! 4 � 9! 3  � � , � �� - �  3 � 4 �

:$� + � � �, �+ � � � �� % 
 � � �; � �
 � �<>= � � �@? �
 � �<>= � � �@? �
 � �<= � � �@? �
 � �<>= � � �?(A )  ! �  ! �! �  �  �! �  �  �  � �! �  �! �  �  

BDC �+ � �
 � � � � � ' � E  F C G �! F H� ! F H� ! F H�! F H� ! F

� �+ � ' 5 � � �� � , '� � � (JI ) �  4 � � �! 4 � � �  4 � �! ! 4 � � �  4 � �! ! 4 �

0 �
 �+ �$� K , '� � � � � �� �! � � "! � � � � � �� � ! " �� ! � � " � � �

0 �
 �+ �$� BDC � , '� � � � � �! � � �! �� � � � �  � � � ! " �� ! � � " � � �

� �* 5 ' � � �� L � 3 � B K K � B K K 6 B B 6 � � 6 B B 6 K K 6 � � 6 B K � B B 6 K K 6 � � 6

� � * 3 ' � � � � - � � �* 5 ' � ! 3 " A ! 3 �  A ! 3! �  A ! 3 � �A ! 3 � � A; 5 � M �
 �� � �* 5 ' �+ � � � � � � � � � �

( 5 , , �
 �
 ' �2 � 
 )

� -� � � � '+ � � �* 5 ' � � ! � � � � " �  � �  ��  �� �  �! � " � � � � � ! �� " � �  �

N � �� '� -� � � � '+ � � "! ! � ! " " � �! � � � ! ! " �� " !

¬



��5m�&W '*%�¥ ��c4!$V %(J�-8+*56!�Fb5m%(d C<��-�N '*5§�y+K!L%(jmj@5m; - H�5§�
!('*Cbc4+*',5m7 z -8)�SgC&W ;4+,%L']3|),VAC8dR56;A�K+*V %��E%(jmNIjm5m; %()G�}nRV 5m)
�E�DW ',%UVE-<)R~E%(%L;�+.-<#&%(;���'*C&J ',%$�.� �   �,�

�&'*C&W ;AN � W ®h�UnRV %�7 ',C8®45mJ}5m+av�C<�i+,V %�MBS +,C�+*V %@+$-8'*�&%(+
5mJ}7 jm5m%()�+,VE-<+�-8+}+*V % J}5m; 5mJ@WAJ )*!]-8+*+,%('*5m; ��-8; �Dj6%D3R+,V %
+,'$-8!$#4)���',CDJ +*V %¢NAC8dR; ),+*',%]-<J�%(; N�C8�@+*V %¢+$-8'*�&%(+�!(%(jmj
7E-<),)B+*V %�MBS -<!(+,5mF&%�-<',%]- ¡ £�J}J ��',CDJ +,V %�~9%]-8J -8®45m)]3
C&'UCD; jmv © J}J ��',CDJ +,VA%�~E%]-<J +*W ~E%D���a;I!(C&J�~A56;9-8+,5mCD;
dR5m+,V�+,VA%�;A%(%(N�+*C�J}5m; 5mJ}5�l(%RV 5m�&V4�,��JK-8+*%(',5:-<j6)�; %]-8'"+,V %
~9%]-8J +*W ~9%�+,VE-<+i!LC&W jmN}!LC&;4F&%('*+R+,V %U;4W J�%(',CDW )i7AV C&+*C&; )
��'*C&J
	h>�N %(!]-Gv�5m;4+,CUV 5m�DV@J�W jm+*567Aj65m!(5m+av"),V C8dg%(',)G34+,V 5m)��D%$�
C&J�%(+,'*v}7 '*%(),%L;b+*%(N�)*%(F&%L',%�7 '*C&~ jm%(J�)R56;�J}%(!$VE-<; 5m!]-8j�N %$�
),5m�D;I+,VE-<+@dgC&W jmNIVE-GFD%�~E%L%(; F&%('*vIN 5 �}!(W jm+�+,C�),C&jmFD%}5m;
+,VA%�!(C&;4+*%(®4+KC<��dR56'*%�!$VE-8J�~9%('���'$-8J�%()]� �Bjmj"+,V %()*%¢'*%$�
�4W 5m',%(J�%(;4+,)}-<',%�J}%(+�+,VA',C&WA�&V +,V %�W )*%�C8��- ',%(j:-<+,5mF&%(jmv
; %(dx+,%(!$V ;AC&jmC&�Dvb3o-�J�56!L',C&)*+,'*567��4-8)U!$VE-8J�~9%(' � H�c z SN�(�
�a;�+*V 5m)}+,%L!.VA; 5 �bWA% � © �,3RJ�%(+.-<jR),+*',5m7 )�-8'*%¢%(+*!$V %(N C&;�-
+,VA56;�3i)*%(J}5��a',5m�&5mN�),W ~ )*+,'$-8+,% C8��V 5m�DV '*%(),5m)*+,5mF456+av43R-8jmjmC8dg�
5m; ����C&'gV 5m�&V %L'iN '*5���+��9%(jmN )B-8; N�J�W !$V�),J�-8jmjm%('�!(%(jmjh7 5m+*!.V
+,V9-8; 5m; - !(CD;bFD%(;4+,5mC&;9-8jgN ',5���+�!$VE-<J�~E%('G� Q�-8!$V C8��+,V %
W 7 79%('�-8; NIjmC8dg%('�MBSx-8),)*%(J�~ jm5m%()�!(CD;4+.-85m; )�),5m® H�c z S
7 j:-8;A%()]34�D',C&WA7E%(N�5m;b+*CU+adiC '*J}C4N W jm%()/) � MB� 
 -<; N 
"�BM
��CD'�MBSU¨"-8; N�MBS ¡ ',%()*7E%(!L+,5mF&%(jmv%�(3AdRV 5m!$V�-<',%R),W��}!(5m%(;4+,jmv
),%L7E-8'$-8+,%LN +*C�7 '*C8Fb5mN %}-�7 '*%(!(5m),%�N %(+*%(',J�5m;E-8+*56CD;¢C<�B+,V %
��'*C&;4+�+,'.-<!$#�~4v�+,V % MBS -<jmC&; %&� nRV % +,C&+$-8jU'.-<N 5:-8+*56CD;
jm%(; �D+,V�C<�BC&; %�J}C4N W jm%�5m)@£ �Tª�� 
 > -8;AN�+,VA%}+,VA56!$#4; %()*)
C8�U+,V %�+$-8',�D%(+�!$VE-8J�~9%('�F&-8!(WAW J�dR5m; N C8d 5m)�¨&� ¬ � 
 > 3),C�+,V9-8+g��CD'�J}CDJ}%(;4+.-"~9%(jmC8d�-8~9C&WA+ ¬�z %(M +,V %�-<; �&W j:-<'
-8!L!(W '.-<!(v}~9%(!(CDJ}%()gjm5mJ}5m+,%(N�~bv�J�WAj6+*5m7 jm%i)*!]-8+*+,%('*56;A�E�|�B;
5m; V %('*%(;4+�!(CD),+R-8),)*C4!(5:-8+,%LN�dR56+*V@+*V %�H�c z SI!$V CD5m!(%R5m)�+,V %
j:-8'*�&%�!$VE-<; ; %(j|!(CDW ;4+ � ¡ ¤E3Tª&£D£�!$VE-<; ; %(jm)U5m;�+,CD+.-<j��gnRV 5m)
',%g�bWA56'*%()@-�V 5m�&VAj6v�5m;4+,%(�D'.-<+,%(NI'*%]-8N CDW +�)*vb)*+,%(J 3h5m; !(jmW N4�
5m; ��-8;E-<jmC&�B%Lj6%L!(+,'*C&; 5m!B)*5m�&;E-<j ),+*C&'.-<�&%RCD;@+*V %R7 j:-8; %L)i-8; N
J�W jm+,5m7 jm%(®4%(N�NA56�D5m+,5ml]-8+*5mC&;}-8+R+*V %UN %(+*%(!(+,CD']�

nRV %�~E-<),5m!|��%G-8+,WA',%()|C8� +*V %`H�c z S�N ',5���+h!(%Lj6j -<',%�)*V C8dR;
5m;I��56�9�h¥ ���aCD; 5ml]-8+*56CD;¢%Lj6%L!(+,'*C&; )�!(',%G-8+,%LN�~4v¢-�+,'$-GF&%('*)a�
5m; ��7E-8'*+,5m!(jm%�5m;�-�¥�J�J +,V 5m!$#I�b-<)�F&CDjmW J}%�J�C8F&%�5m;�-
NA',5���+��E%(jmN C8�@-8~9C&WA+ © #4M�j8!(J�N 5m'*%(!(+,jmv�-GdR-GvI��'*C&J�-
7Ajk-<;E-8'�!]-<+,V C4N %�-<; N +,C8dR-8',NA)�- ¡ £&£ � J�+*V 5m!.#��&j:-8)*)
)*W ~ )*+,'.-<+,% +,VE-<+�!]-8'*',5m%()�- 7E-<+,+,%L',;�C<���9; %�%(+*!.VA%(N -<jmW4�
J�5m;bWAJ )*+,'*567A)]�xnRV %��9%(jmN�5m)�7 ',C4N W !L%(N ~4v -�¨Gª&£D£ M
79C&+*%(;4+,5:-8j9C&;�+*V %B!G-8+,VACbNA%B7 j:-8;A%()]�|� F&CDj6+$-8�D%iN 5�/h%(',%L; !(%
C<� © ª&£�M 5m)}-<7 7 jm5m%(N ~E%(+adg%(%(;�+,V % ¬ � J dR5mN %¢-<; C4N %
)*+,'*567A)i-8; N�+*V %�ª © � J�dR5mN %g!]-<+,V C4N %"),+,'*5m7 )��yC&',J�5m; �R+,V %
79-8+,+*%(',; C&;�+,V %�),W ~A),+,'$-8+*%()]���B)�-�',%()*W jm+]3h�4-8)"J�W jm+,5m7 jm5��
!G-8+,5mCD;�C4!(!(W '*)�5m;�+,V %�F45m!(5m; 5m+avKC<�i+,VA%�-<; C4N %&3o-�7 ',C4!(%()*)
!LC&J}79-8'.-<~ jm%R+,C�+,VE-<+i5m;�-�dR5m',%"!$VE-8J�~9%(']��[B5m�DV}�b-<)`-<J��
7Aj65��E!G-8+,5mCD;K-8+ © ª&£<M 56)RCD~ +.-<5m; %(N�~4vKWA),5m; �}-��"5:H�%(+,V4v4j��
Q�+,V %(' � �UH�Q��/j8?"%@J�56®4+*W ',% � © £�j © £�� �L��nRV %��b-8)R�4-85m;�5m)
)*%(+}-8+�-�jm%(FD%(ji)*W !$V +,VE-<+@+*V %})*56�D;E-8jm)�-8'*%K-8~9C&WA+@+*V ',%(%
+*5mJ}%()U+,V9-8+�C8�B),5mjm5m!(C&; N %(+*%(!(+*C&',)�C8�R+,V %�).-<J}%�JK-<+,%('*5:-8j
+*V 5m!$#b;A%(),)G3Rjm%]-8N 5m; � +,C�- ~9%(+*+,%('�),5m�D;E-8jR+*CI; C&5m),%�'$-8+,5mC9�
Q�F&%(;�dR5m+*V�C&; jmv�),5m; �&jm%�~A56+R79%('U!(%(jmj|N 5m�&5m+$-8jh',%G-8N4�aC&W +G3h-
)*7E-8+*5:-8j|',%()*C&jmW +*56CD;¢J�WA!.V�~E%(+*+,%('�+,V9-8;I+,VA%�!(%(jmj�7 5m+,!$V 5m)
-<!$V 5m%(F&%(N�34N W %�+*C�!.V9-8',�D%U),VE-<',5m; ��~9%(+adi%L%(;�!(%(jmjm)]�
nRV %�J�%(+.-<j6jm5m!R),+*',5m7�7E-8+*+,%('*;�+,V9-8+R!('*%]-8+*%()U+,V %U%(jm%(!(+*',5��

!G-8jR�9%(jmN�!(C&;t�E�&W '$-8+*56CD;�5m)}!]-<','*56%LN�CD; )*W ~ )*+,'.-<+,%()G3U+,V %
J�-8+*%(',5:-8j�C8�RdRV 5m!$V¢5m)�-�!(',5m+,5m!]-<j�!$V C&5m!(%D���2C8d���56)U7 '*%$�
�y%(','*%(N�+*C�J}5m; 5mJ�5ml(%U+,V %�%$/h%(!(+,)�C<�`J�WAj6+*5m7 jm%�),!]-<+,+*%(',5m; �
-<; NI_g',%(J�),),+*'.-<V jmW ; �E� c4W 'u��-8!(%�7 ',CD7E%L',+,5m%()}-<',%�56J�7ECD'a�
+$-8;4+�-<)B%(jm%(!L+,',CD; )]3256CD; )]3h-<; N��b-<)B79C&jmjmW +.-<;4+,)BJ�-Gv�),+*56!$#
-<; N�!]-8W )*%R�E%Lj6N�J�C4N 5��E!]-8+*5mC&; )G3]NA56)*!$VE-8'*�&%()G3 -8�&%L56;A�E3&-<; N
'$-8N 5:-<+,5mC&; NE-8J�-8�D%&�}c45m; !(%�7E-8'*+�C8�B+*V %K-GF&-<j:-8; !$V %���-8jmjm)
CD;¢+*V %})*W ~ )*+,'.-<+,%�56;A),+,%G-8NIC8�RC&; +,VA%}!(CD; N W !(+*5mF&%�),+*',5m7o3
+*V %R),WA~ ),+*'.-8+*%U),V CDW jmN�VE-GF&%R-U!(%('*+.-<56;�N %(�D',%(%"C8�h!(C&; NAW !$�
+*5mFb5m+avU5m;�C&'*N %('�+*C�',%(J�C8F&%�+*V %B!LC&jmjm%(!(+,%LN�),W 'u��-8!(%"!$VE-8'*�&%&�
��� ¡  D¥U�&j:-8)*)Rd`-<)i!$V CD),%(; -8)R+,VA%�)*W ~ )*+,'.-<+,%�J�-8+*%(',5:-8j � ¬ �,�
�a+�!(C&;A),5m),+*)KC<��c45:� � �  <¤E�m¨ � �(3R�"j O � = � ¤E� © � �L3R� O ��   �T �� �L3&nR5:� � ¤9� ¡ � �L3 �9;E� �  A�m¨ � �(3D?�- �  A�6¨e� �(3DdR56+*V
+*V %g',%(J�-85m; N %(' � ª � ¤$� �9WA; ),79%(!(5��E%(N����a+oV9-8)�-g~ W jm#U',%()*5m)a�
+*5mFb5m+av�C8�R¨]£4X,1��g!(J¢3D%��4W 5mF&-8jm%(;4+g+,C�-�),W 'u��-8!(%U'*%(),5m),+*5mFb5m+av
C<��¨]£tX,w������U3]!G-8W )*%(N@~4v�+*V %gJ}5m�&'$-8+,5mCD;RC8�E%(jm%(!L+,',CD; )i-<; N
?U-�� 5mC&;A)]��nRV %U+,V 5m!$#4; %(),)gC8�|+,V %"),W ~A),+,'$-8+*%()B5m)i£A� ¡ J}J¢3
+*V %�J�56;A56J�W Jx',%��4W 5m',%LN���C&'").-0��%UVE-8; NAj65m; �}-<; N�+,C�VE-GFD%
)*W �}!(5m%(;4+R',5m�D56NA56+av�+*C@'*%(),5m)*+B%(jm%(!(+*',CD),+.-<+,5m!�N 5m)*+,C&'*+,5mC&;A)]�
nRV %�-8!(+*5mF&%�-8'*%]-�C<��+*V %�� C&'�M 7 j:-8; %()�5m)}-8)�j:-8',�D%

-<)�¤bª<¤
	R¨]¥ ¬ J�JKO(��nRV %�j:-8'*�&%()*+})*W ~ ),+*'.-<+,%¢-<',%]-�+,VE-<+
!LC&W jmN�~9%�7 ',C4!(%L),),%LN�5m)�¨ © £�	 ¡ £D£�J�JKO(��nRV %('*%$��C&'*%&3 ©
)*W ~ )*+,'.-<+,%()�-<',%�!(CDJ�~ 5m; %(N�+,C���CD',J C&; %�¥&£ �U7 j:-8;A%&�gnRV %
)*W ~ )*+,'.-<+,%()U-8'*%B!(W +R-8jmCD; ��+,VA%�!G-8+,VACbNA%B),+*',5m7o3 -<; N}�Dj6WA%(N
CD;�- !]-8'*',5m%('��y'.-8J�%&3�jm%]-<N 5m; � +,C�- �b-<7 C8��C&;�-GF&%L'.-8�D%
¤4  ¨ � J ~9%(+adg%(%(; +,V %�-<; C4N %�dR5m',%()RC<��!(C&; )*%(!(W +*5mF&%�),W ~4�
)*+,'$-8+,%L)]�g?BC�jmC&)*)B5m;}% �}!(5m%(; !(v�-8+R+*V %()*%@~9C&W ;ANE-8'*56%L)BVE-<)
~9%(%(;�C&~ )*%(',FD%(No�
nRV %�{�S !]-<','*56%L'U��'.-<J}%U+,C�dRV 5m!$V¢+*V %@)*W ~ )*+,'.-<+,%()�-8'*%

ª



�&jmW %LN�VE-8)�)*W �}!(5m%(;4+�J}%(!$VE-<; 5m!]-8jR)*+,5�/­;A%(),)�+*C�~9%¢)*%(j��:�
),WA7 7ECD',+*56;A�E� nRV %I!G-8','*5m%('���'$-8J}%L)�-<',%IJ�C&W ;4+,%LN�5m; -
�E®4+,WA',%¢-<+,+.-<!$V %(N +,CI+*V %�56;A),5mN %�C8�U+,V %�jm5mN�C8�U+,V %�~EC8®
+,V9-8+�-8!(+*)�-8)U+,V %��4-8)U%(; !Lj6CD),W '*%&��nRV %��E®4+,W '*%�7 ',C8F45mN %()
-�J}%]-<; )iC<��7 '*%(!(5m),%Lj6v�-8jm5m�&; 5m; ��+,V %U7 j:-8;A%()RdR5m+,V}'*%(),79%(!(+
+,C��9N W !(5:-8jm)gC&;�+,V %�CDW +,)*5mN %UC8��+*V %Ujm56N��onRV %UdR-8jmjhC8�|+,V %
~9C8®­3DdRV 5m!$V�5m)�)*VE-879%(N�+,C�!(WA',F&%U-8'*C&W ; N�+*V %B~9%]-<J�+*W ~9%&3
5m)oCD; jmv«£A� © J�J�+,VA56!$#�-8;AN@J�-8N %|C8� jmC8dg�,��JK-8+*%(',5:-<j��9nRV %
+,VA56;�dR5m; NAC8dR)���CD'�+,VA%BN %(+*%(!(+*%(N�7E-<',+,5m!(jm%()RV9-GF&%R+adgC�j:-Gv&�
%('*)}%(; !Lj6CD),5m; �I; CD;4� � -8J�J}-8~ jm% � W ),V �4-8)�+,CI%L; ),W '*%�; C
jm%]-8#4)RC<� � -<J}JK-<~ j§%R�4-8)G�
�a;IC&'*N %('�+*C�J}5m; 5mJ}5�l(%�%(®4+*%(',;E-<jRNE-8+$- � C8d�3�N 5m�&5m+,5ml]-0�

+,5mCD;¢C<�i+,V %�)*5m�&;E-<j6)"5m)�NAC&; %�5m;¢-<;¢%(jm%(!L+,',CD; 5m!}-8)*),%(J�~ jmv
J}CDW ;4+,%(NICD;�+*V %}N %L+,%(!(+*C&'G��nRV %�V 5m�DVIN %(�&'*%(%�C8�UN 5m�&5��
+,5ml(%L'RJ�W jm+,5m7 jm%(®45m; �B'*%��4W 5m',%(N���CD'i%(!LC&; CDJ�v@5m)gJK-8NA%R7ECD)a�
),5m~ jm%�~4v�!(C&;4+,5m;4W CDW ),jmv})*+,CD',5m; �}+*V %�!$VE-<',�&%�~ W !$#D%(+,)U!(CDj§�
jm%(!(+*%(N ~4v %G-8!$V -<; C4N %�)*+,',5m7 5m;�-I)*dR56+*!$V %(N4�a!]-879-8!(5m+,CD'
-8;9-8jmC&� 7 5m79%(jm5m; %&� nRV %(',%f-<',%  8¤x7 ',%]-<J}7 jm5��E%('*)�-8; N
7 5m79%(jm56;A%()]38%G-8!$V@¥ ¡ ),+*%(7 )�N %L%(7o385m;4+,%(�D'.-<+,%(N�C&;�%G-8!$V��B;9-G�
jmC&��{|5m79%(jm56;A%�SgV 5m7 � ��{�SN�L�onRV %�7A5679%(jm5m; %()@-<',%�!(jmC4!$#&%(N
dR5m+,V�+*V %�[�Q�ZR� ~ W ; !$V���',%g�bWA%(; !(v � ¨G£ � ¤KH�["lF�(���y�`-8;
%(FD%(;4+K+*',5m�&�D%('}C4!(!LW ',)�-8;4v�+,5mJ}%�dR5m+,V 5m;�¥ �m¨ � ) � ¥ ¡ 	
¦& �; )��R-G��+*%('B-8;�%(F&%(;4+G3 +,VA%�7A5679%(jm5m; %()B-<',%U),+$-8jmjm%(N}~9%$��CD',%
+,VA%@NE-<+.-�-8'*%@)*V 5���+,%LN¢CDW +�-8; N jmC&),+G�UnRV %�7 5m79%(jm56;A%()�-8',%
-8NAF&-8; !(%LNKWA;b+*5mjo+,VA%�~ W !$#&%L+,)BC<��56;4+*%(',%()*+U56;�+,V %�Fb5m!(5m; 5m+av
C8�|+,V %U~ WA; !$VK!G-8W )*56;A�@+*V %�+,'*5m�&�&%L'`-<',%�-8~9C&W +g+,C}-<7 79%]-8'
-8+"+,V %�7 5m7E%(jm5m; %�CDW +,7AW +B)*+.-8�D%&�"nRV %(;�+*V %@7A5679%(jm5m; %()U-8',%
),VA5§�y+,%(NIJ�W !$V J}CD',%�),jmC8dRjmv¢-8)�+,V %�~AW !$#&%(+*)@C<�B56;4+*%(',%()*+
-8'*%R7 ',%L),%(;4+,%LNK+*CU+,V % '*+,'.-<!$#b5m; �UN 5m)*!(',5mJ}5m;E-<+,CD',)C)93GdRV 5m!.V
dg%(',%�NA%(),5m�&;A%(N�+,C�!(C&J�7E%L; ).-<+,%�+,V %�',5m),5m; �I~E-<),%(jm5m; %�C<�
+,VA%@�U{�S !$V 5m7o�B�x).-<J}7 jm%�-8; N�V C&jmN�!(5m'*!(W 5m+B5m)BWA),%(N +,C
#&%L%(7�+*V %}+*V ',%()*V C&jmN -8+@-��9®b%LN�F&-8jmW %}-<~EC8FD%�+,V %�~E-8)*%$�
jm5m; %�C8/h),%(+G3��D56FD%(;I~4v¢+*V %}'*%]-8NAC&W +�F&-8jmW %�C<�B+,V %�7 ',%(F45��
C&WA)R!.V9-8; ; %Lj����y�i-�V 5m+R5m)RN %(+*%(!(+*%(No3h+*V %U~E-8)*%(jm56;A%�',%()*+,CD',%
C&79%('$-8+,5mCD; 5m)�)*W ),79%(; N %LNo3BWA;b+*5mjB+,VA%}�yC&jmjmC8dR56;A��!$VE-8; ;A%(j
; C jmC&; �D%('�%(®4!(%(%LN )}+*V %�N 5m),!('*56J�5m;E-8+*C&'Ujm%(F&%(ja�I�AC&'�+*VE-8+
',%G-8),CD;o3�+,V %�),v4),+*%(J 56)�j65mJ�56+*%(N�+,C�V9-8; N jm%�-�JK-8®45mJ�W J
!(jmW )*+,%('�),5ml(%�C8�UW 7 +,C ��CDW '@;A%(5m�&V4~ECD',5m; �I-8; C4N %�)*+,',5m7 )G�
nRV %��E',)*+i+adgCU!.V9-8; ; %Lj6)gC8�o%G-8!$V�!$V 5m7K-8'*%R; C&+�!(C&; ;A%(!(+,%LN
+,C�-<; -<; C4N %�),+,'*5m7o3R-8; N ),%L',F&% -8)�- ',%$��%L',%(; !L%���CD'�+,V %
~E-<),%(jm5m; %U',%()*+,CD'.-8+*5mC&;o�|nRV %UNE-<+.-«��',CDJ %]-<!.V�N 5m)*!(',5mJ}5m;E-0�
+,CD' �   ¡ !$VE-<; ; %(jm)?��-8',%�)*+,CD',%(NI5m; 56+*)U),V 5���+U',%L�&5m),+*%(']���B)
),C4CD;¢-8)U-8jmjoN 5m�D56+$-8j�NE-8+$-�VE-GF&%�~9%(%(; ),+*C&'*%(No3h+*V %@5m; 7AW +,)
C8��+*V %@�U{�S !$V 5m7 )�-<',%�%L;E-8~ jm%(N -8; N�-�;A%(d +,'*56�D�&%('"!]-8;
~9%�-<!(!(%(7A+,%(No� nRVA%}N %]-<N +,5mJ}%�N WA',5m; ��'*%]-8N CDW +�C8�U+,V %
��{�Sf!$V 5m7 )�-8; N N 5m�&5m+,5ml]-<+,5mC&;�56;4+*C}+,VA%�),V 5���+�'*%(�&5m)*+,%('�5m)
©   � )]��c45mJ�W jm+.-<; %(CDW ),jmv43(),%L',5:-8j9',%]-<N C&WA+iC<�­+*V %B)*V 5���+�',%L�8�
5m),+*%(',)g5m)�)*+.-<',+,%LNo�|�BN NA',%()*),%()RC<�­)*56�D;E-8jm)�-8~9C8F&%R+*V ',%L),V CDj6N
-8'*%Uj6C4-8N %LNK5m;4+,C�J}%LJ}C&'*v@)*+.-<!.#4)G���y��N W '*56;A��+,V 5m)RC&79%('$-G�
+,5mCD;}-�; %Ld�+,'*56�D�&%('R-8'*',5mF&%L)]34+,VA%B; %(d�%(F&%(;4+RdR-85m+,)�56;�+,V %
��{�S�7A5679%(jm5m; %RW ;4+,5mj +*V %BN9-8+.-"C<�­+*V %B7 '*%(F45mC&W )�%LF&%(;4+R-8',%

+*'.-<; )a��%L',',%LN�5m;4+,CI+*V %�J}%LJ}C&'*vI),+$-8!$#4)]�fc4WA~ ),%��4W %L;b+*jmvb3
+*V %�J}%(J�C&'*vK)*+.-<!.#4)}-<',%�',%]-<N�CDW +�),%('*5:-8jmjmv¢F45:-�-�NE-8+$-
NA',5mF&%('R5m;4+,C�-�c4+*',W !$#KQ�SR�o¥&£D£��D��c4nR_g��c�J�C4N W jm%&�
nRV %R%��}!(5m%(;A!(v�C8�h+,V %RFD%(',+*%(®�N %(+,%L!(+,CD'i5m)�J�%]-8)*W ',%(N�5m;

+adgC�d`-Gv4)G���a; +,V %�5m;4+,%('*;E-8j�+,'.-<!$#b5m; ��-<7 7 ',C4-8!$Vo3h+*'.-<!.#4)
-<',%�5mN %(;4+,5��E%(N W )*56;A�}MBS N9-8+.-�-8jmC&;A%&39',%��4W 5m',5m; ��V 5m+*)B5m;
�9F&%�C8�U),5m®I7 j:-8; %L)]� nRV %�+,'$-8!$#�5m)�',%(!LC&; )*+,',WA!(+,%(N �y',C&J
�yC&W 'h7 j:-<; %()]3D-8; N�-RVA56+h5m)|-8!(!(%L7 +,%(N�5m;�+,VA%|� ��+*V�7 j:-8; %|5�� 5m+
5m)�dR56+*V 5m; ¡ £D£ � JxC8�E+*V %i+*'.-<!.#h���"; jmvU+,'$-8!$#4)i-8'*%i!(CD; ),5mN4�
%L',%(N�+,V9-8+g7ECD56;4+g+,C�+,V %U+$-8',�D%(+R-8; N�-8',%U'*%(!(C&;A),+,'*W !(+$-8~ jm%
~4v�+,V % ',%()*+�C8��+,V % +,'$-8!$#45m; �I),v4),+*%(J¢� nRV %�%��}!(5m%(;A!(v
C<��+*V %�� ��+,V 7 j:-<; %}5m)�+,V %(;�N %$�E; %LN -<)�+,V %���'$-8!(+*5mC&; C8�
%LF&%(;4+,)UdR5m+,VI-�VA56+"!(jmC&)*%@+*CK+*V %�+,'.-<!$#­���a;�+,VA%@%(®4+*%(',;E-<j
+*'.-<!.#45m; ��-87 7 '*Cb-<!.V�3h+,V %�% �}!(5m%(; !(v 5m)BN %(+*%(',J�5m; %(N dR56+*V
+*'.-<!.#4)R'*%(!(C&;A),+,'*W !(+*%(N¢WA),5m; ��+,V %UN '*5§�y+i!$VE-<J�~E%('g),v4)*+,%(J 3
%L®b+*'.-<7ECDjk-<+,%(NI+*C�+,VA%}F&%L',+,%L®I!.V9-8J�~9%(']���a;I~ECD+,VI!]-<),%()G3
% �}!(5m%(; !(5m%()�56;�+,V %�'.-8;A�&%� &£0�u¦D£�� di%L',%���CDW ; N���C&'�+,V %
¨G¦&¦ © NE-<+.- 3�dRV %(',%�-�7 '*C&+*C&+av47E% F&%L',),5mCD;�C<�@+,V %I�U{�S
!$V 5m7�dR-8)�WA),%(N +,VE-<+}%(®4V 5m~ 5m+*%(N�-I)*+,'*C&; �Dj6v ; CD;4�aj65m; %G-8'
~9-8),%Lj65m; %D�onRV 5m)�!G-8W )*%(N�V 5m�&V�; C&5m),%D���BWA%R+,C�+*V %R��'$-8�D56jm5m+av
C<��)*C&J}%�C<��+*V %�-8; C4N %�',%L),5m),+*C&',)�+*VE-8+�dg%('*%K%L+,!$V %(N�CD;
+*V %�),WA~ ),+*'.-8+*%()]3|+*V %�V 5m�&V F&CDjm+.-8�D%�!(CDW jmN¢; CD+�~9%�'.-85m)*%(N
)*W �}!(5m%(;4+,jmv�+,C��D%(+i-UVA56�DV@%L; C&W �DV�),5m�&;9-8j���+*C8�a; C&5m)*%i'$-8+,5mC9�
�AC&'�¨G¦&¦& �'*W ; ; 5m; �93o+*V %})*W ~ ),+*'.-<+,%()}-<; NI��{�Sx!$V 5m7 )�C8�
+*V %�W 7A7E%('�!.V9-8J�~9%('Rdi%L',%�',%(7 j:-<!(%(No3h'*%(),WAj6+*5m; �}5m;�J�W !$V
5mJ�7 ',C8FD%(N}%��}!L56%L; !(5m%()�C<�`-8'*C&W ; N ¦ © ���"nRV %�jmC8di%('"VE-8j��
dR-8)|)*56J�5mjk-<',jmvBWA7 �&'$-8N %(N��yC&'R¨]¦D¦ ¬ ',W ;A; 5m; �E��nRV %R',%L),C&jmW4�
+*5mC&;}V9-8)R~9%(%(;�N %L+,%('*J}5m; %(N�~4v}!(CDJ}7E-<',5m; ��+*V %UN 5m),+$-8; !(%
~9%(+adg%(%(;�+,VA%�+*'.-<!.#h3D��CD',J�%(N�dR5m+,V © 7 j:-8;A%()]3 -<; N}+*V %UV 5m+
5m; +,V %�),5m®4+,V 7 j:-8; %D3�-<; N�-8jm),C�~4v !(C&J�7E-8'*56;A�}+,VA%}V CD',5��
lLC&;4+.-<jt-<; �&jm%gC8�E+*V %R+,'$-8!$#�!]-<jm!(W j:-8+*%(N��y',C&J +*V %�
 7 j:-8; %L)
dR5m+*V¢+*VE-8+U�y',C&J +*V %}� -<; NIM 7 j:-8; %()G�}_gC&+*V¢J�%(+,VACbNA)
v45m%(jmNK-�'*%(),CDjmW +,5mC&;�C8�i-8~9C&WA+`  © � J � � ��7E%('R7Ajk-<; %&�
nRV %�F&%L',+,%L®¢'*%(!(C&;A),+,'*W !(+*56CD;�!]-<7E-8~A56jm5m+av�C8�R+,V %�MBS 5m)

5mjmjmW ),+*'.-<+,%(N�5m;���5m�E�(¤93GdRV 5m!.V�56)|-gV 5m),+*C&�&'$-8J C<�t+*V %g+,'.-<; )a�
FD%(',)*%@!LCbCD',N 5m;E-<+,%()UC<�i+,V %�79C&5m;4+RC8�i!(jmCD),%()*+«-<7 7 '*Cb-8!$V C8�
+adgC�+*'.-8!$#4)�5m;�-8;�%(F&%(;4+G�I� dg%(jmjgN %$�E; %LN ~9%]-<J�%(;4F&%$�
jmCD7E%�5m)"),%(%(;����AW ',+*V %('*J}C&'*%&39+,V %«�E�&W '*%@)*V C8dR)B+*VE-8+"+,V %
FD%(',+*5m!(%()�-8',%�di%Lj6j�),%(7E-<'.-<+,%(N���',CDJ +,VA%}+.-<',�D%(+�!(%(jmjgd`-<jmj
'*%(7 '*%(),%(;4+*%(N¢~4v�+,V %�%Lj6jm5m7 )*%&�
�"F&%('�+*V ',%(%�vD%]-8'*)@C<�BC&79%('.-<+,5mC&;o3|+*V %('*%KV9-8)�~E%(%L; ;AC

CD~ ),%L',F&%LN�N %(�&'$-8NE-<+,5mC&;�C8�h79%('a��CD',J�-8; !(%g+,V9-8+|diCDW jmN@)*W �8�
�D%(),+B-<�&%(5m; ��%$/h%(!(+*)]�

����� �  #��� ����� � �! #"�$ % ���)(
nRVA%BN '*5§�y+i!$VE-<J�~E%('*)`��MBSU3b��SU¨Tj ¡ 3D_`SU¨kj ¡ -<; N}_RSR¥�j<¤
-<',%�C8�U+,V %�!(CD;4F&%(;4+,5mCD;E-8jRV CD',5ml(CD;b+$-8j��aN ',5���+�+av479%&��Q�-8!$V
j:-GvD%('�C8�BNA',5���+�!(%Lj6jm)�!LC&; )*56)*+,)�C<��-�7 j:-8; %�C<��-8jm+,%L',;E-<+,5m; �
-<; C4N %�-8; NI!]-<+,V C4N %�dR5m'*%()�~9%(+adi%L%(; -�7E-<56'UC<�`!]-<+,V C4N %
�yC&5mjm)]�xnRV %¢!G-8+,VACbNA%¢dR5m',%L)�-<; N ��CD5mj6)�-8'*% -<+}; %(�4-8+*56FD%

¦



x (mm)y (mm)
-15 -10 -5 0 5 10 15

-8
-6

-4
-2

0
2

4
6

8

0

50

100

150

200

250

300

350

��5m�&W '*%�¤ �oM�%(',+*%(®}'*%(!(C&;A),+,'*W !(+*56CD;¢5m;�+,V %U+,'$-8; )*F&%('*),%�!LC8�
C&'*N 5m;E-8+*%()�W ),5m; � +,V %�MBS -8jmCD; %&��nRVA56)�7 jmC&+�d`-<)�JK-<N %
W )*56;A�@+adgC8�a+,'$-8!$#�%(F&%L;b+*)RC&; jmv�+,C��&%(+B-«di%(jmjhN %^�E; %(N�F&%L'a�
+,%L®­��nRV %�C&W +*j65m; %�C8�U+,V %�+.-<',�D%(+�!(%(jmjR5m)@)*V C8dR; -<)�+,V %
%(jmjm5m7 ),%&�

V 5m�&V�F&CDj6+$-8�D%KdR5m+*V�+,VA%¢-8; C4N %�)*%(; ),% dR5m',%()}-<+��&'*C&W ; N
79C&+,%L;b+*5:-8ja��nRV %}!$VE-<J�~E%L',)�-8',%�-8)*),%(J�~ jm%(N�-<)�J}C4N WAj6%L)
!(CD; ),5m),+*5m; �@C<��)*56®�)*W !$V}N '*5���+i!L%(jmjhjk-GvD%(',)g5m;}+*V ',%(%U!(C4CD',N 5��
;E-<+,%�N CDW ~ jm%(+,) ������� 3���� � -<; N	�
� � �(��nRV %�dR5m',%()�-8',%
F&%L',+,5m!]-<jR��CD'�+,V %�� 7Ajk-<; %()�-8; N�-8+}-<;�-8;A�&jm%�C8� �U¥D£��
+,C +*V %¢FD%(',+*5m!]-8jU�yC&'�+,V % � -8; N�� 7Ajk-<; %()G� nRVA%
� � 3
��� -8; N�� � 7 j:-8; %()B-<',%�)*+.-<�&�&%L',%(N�dR5m+*V}',%L),79%(!(+�+*C�+,V %(5m'
7E-<',+,;A%(',)U~4v}VE-<j���+*V %�!(%Lj6j�),5ml(%�5m;�C&'*N %('U+,C�VA%(jm7�',%()*C&jmF&%
jm%$��+u��'*56�DV4+�-<J�~ 5m�&W 5m+,5m%()G�IQ�-8!$V ),%(;A),%�7 j:-<; %}!(CD; ),5m)*+,)}C<�
-��E~9%(',�Djk-<),)u��%(79C8®4v��y'.-8J�%�j:-8J�56;9-8+,%LN�+,C�-�7 ',5m;4+,%LNI!(5m'a�
!(W 5m+R~9Cb-<',N � {�Sg_N�R+,V9-8+RVE-<)R),C&jmN %L'R7E-8N )g�yC&'g+,V %UdR5m',%()G�
Q|®4!(%(7A+}5m; +,V %�!G-8),%�C8��+,V % �RMBSU� )]3�+,V %¢{�Sg_�� )}!G-8','*v
+,VA%}+,'$-8!(%L)}jm%]-8NA56;A��7E-8)*+����a',5m; ���4-8)�),%]-<jm)@+*C¢%(®4+*%(',;E-<j
!(CD; ; %(!(+*C&'*)]��nRV %�CD7 79C&),5m+*%@%(;AN )�C8�R+,VA%�!]-8+*V C4N %�dR5m',%()
!(CD; ; %(!(+�+,CB5m;4+,%L',;E-<jbNA56)*+,'*56~AW +,5mC&;�~ W ),%L)o�yC&'o+*V %g; %(�b-<+,5mF&%
V 5m�&V�FDC&jm+.-<�&%&��Q�-<!$V�J}C4N W jm%"56)R%L; !(jmC&)*%(N�~9%(+adi%L%(;¢J�%(+a�
-8jmjm5ml(%(N�H�v4j:-8'��4-8)�dR5m; N C8dR)�J}C&WA;b+*%(N�C&;�J}%L+.-8jt��'.-<J}%()G�
�aN %(;4+*56!G-8j�J�CbNAW jm%()�-8',%�)*5m+,WE-<+,%(N�-<~EC8FD%�-<; N¢~9%(jmC8d +,V %
~9%]-8J 7 5m7E%D�
nRV %���'$-8J�%()}C<��-8jmjB+*V % N ',5���+�!.V9-8J�~9%(',)�%(®4!(%(7A+�+,V %

�RMBSU� )|VE-GFD%R),W �}!(5m%(;4+gjm%(; �&+*V�+,C@-<jmj6C8dI~9C&+*V�%(; N )gC8�o-8jmj
dR5m',%()g5m;@+*V % � -<; N���7Ajk-<; %()�+*C�+,%L',J}5m;E-<+,%gC&;�+*V %BjmC&;A�
%(N �D%()�C8�B+*V %��y'.-8J�%()]��[B%(;A!(%�-8jmj � -<; N�� dR5m',%()�-8; N
+,VA%(5m'�{�Sg_ +,'.-<!(%()�VE-GFD%}+*V %})$-8J}%�jm%(;A�&+,V -8; N�),5mJ}5mj:-8'

!G-87E-<!(5m+.-8;A!(%&��nRVA%�C&;4~9Cb-8'*N %(jm%(!(+,'*C&; 5m!()�-8'*%�J}CDW ;4+,%(N
-<jmC&; ��C&;Aj6v +,VA%KCD; %}jmCD; ��%(N �D%}CD7 7ECD),5m+,%�+,C +,V %�~E%G-8J
7A5679%()G�RnRV 5m)�-<','.-<; �&%LJ}%(;4+RN C4%()U; CD+R).-8!L',5��E!(%�J}%(!$VE-<; 5��
!G-8j )*+,5�/­;A%(),)RC<�­+*V %g��'.-<J}%&��c45m; !(%B+*V %R5m; ),5mN %B-<7E%L',+,WA',%UC8�
%G-8!$V���'$-8J�%R56)gC&;Aj6v�-8)gj:-8'*�&%�-<)i+*V %�-8!(+*5mF&%�-<',%]-�5m;�!(C&J��
J�C&;�dR5m+*V�-<j6jA+,V %g��'$-8J�%()]38%G-8!$V�),+*',%()*),%(N���'$-8J}%gJ}%LJ�~E%('
5m)@-<)�),VAC&',+�-8)�79C&)*),5m~ jm%&��� )*VE-8jmjmC8d ',%(jm5m%$�B5m)�J�56jmjm%(N�5m;
+*V %�5m;E-8!(+*5mF&%}%L; N ',%(�D56CD; )�C8��+*V % � -8; N�� �y'.-8J�%()�+*C
-<jmj6C8d +*V %UdR56'*%()R+,C�)*+.-<; N�C8/���'*C&J +*V %"��'.-<J}%RJ�-8+,%L',5:-8ja�
{�',C8®45mJ}5m+avR+,C"+,V %g~E%G-8JfC<�E+,VA%`-<!(+,5mF&%g-8',%G-8)|C8�­-<jmj&!$VE-8J��
~9%('*)R',%��4W 5m',%LNK%L®b+*%(',;9-8jo;AC&+,!$V %L)R+,C�~E%UJK-<!$V 5m; %(N�5m;�+,V %
�y'.-8J�%()�+,C�-8!L!(C&J�J}C4NE-8+*%�+,V %�~E%]-<J 7A5679%()G���")}+*V %(),%
;AC&+,!$V %L)«-<',%�)*V C&'*+]3h+*V %(v�N C�; C&+"),%('*56CDW ),jmv�!(CDJ}7 '*C&J}5m)*%
+*V %UJ}%(!$VE-<; 5m!]-8jh)*+,5�/h; %(),)"C8�|+,V %U�y'.-8J�%()]�
nRV % !.VAC&5m!(% C8���b-<) J�5m®b+*W ',%���CD'�+*V %�NA',5���+I!$VE-8J��

~9%('*)�d`-<)��&C8F&%L',; %(N ~4v�+,VA%I),%('*56CDW )�5m; !(CD;4F&%(; 5m%(;A!(%IC8�
!LC&;4+,'*C&jmjm56;A�f+,VA% VE-8l]-<',N )�C8��- � -8J}J�-8~ j�% �b-8) 5m; -
+*W ; ; %Lj�%(;4Fb5m'*C&; J�%(;4+]� �B)Idg%(jmja3�+,VA%(',%�5m)I-8; -8N F&-<;4�
+$-8�D%�5m;�jm56J�5m+,5m; ��+,V % N '*5§�y+}!(%(jmjUC4!(!(W 79-8+,5mCD;�+,5mJ}%�-<; N
VA%(; !(% +,VA%�;4W J�~9%(' C8��%(®4+*'.-8;A%(C&W )xV 5m+,) +,VE-<+�J�WA),+
~9%�-8!(!LC&J}J�C4NE-8+*%(N�5m;x+,'.-<!$# �E; NA56;A�E��nRV % J�56®4+*W ',%
�"' � ¦&£�� �/j&SR� O � © � �CjDSR� P � © � ��5m)}~9C&+*V ��-8)*+K-<; N ; C&;4�
� -8J}J�-8~ j�% � ª �,�h�a+*)|N ',5���+|F&%Lj6C4!(5m+avUVE-<)�~9%(%(;�J�%]-8)*W ',%LN�-<)
-���W ; !(+*5mC&;�C8�h�9%(jmN���%(�9� � ¬ !LJ j � )*%(!�-<+iQ 	 ª&£D£UM$j<!(J
� ¦ �,�f��S ¡ -8;AN _RSU¨�CD7E%L'.-8+*%¢5m;�-�N 5m7ECDjm%}�y',5m; �&%��E%(jmN
+*VE-8+�'*%]-8!$V %() £ �m¨�n��RH�5m®4+,W '*%()�!(CD;4+.-85m; 5m; � SR� P VE-GFD%
~9%(%(; ),VAC8dR;�+,C�',%()*W jm+B5m;�!(CDJ}7 '*C&J}5m)*%(N}'*%(),CDj6WA+,5mC&;�N W %
+*C�%(jm%(!(+*',CD; -8+*+.-<!.VAJ}%(;4+ � ¨]£ �,3�-<; NIj:-8'*�&%}�hCD',%(;4+*l}N '*5§�y+
-<; �&jm%()|5m;�JK-8�D; %(+*56!��E%(jmN )G�o["C8di%LF&%('G34+,V %(v�VE-GFD%i+*V %B-8N4�
F&-<;4+.-8�D%()RC8�|),V CD',+"Cb!L!(W 7E-<+,5mC&;�+,5mJ�%�-8;ANKjmCD; ��!$VE-8J�~9%('
jm5���%(+*5mJ}% � ¨&¨��,�
nRV %��b-8)R7A',%()*),W '*%K-8;AN � C8d +,V '*C&W �DV¢-8jmjoNA',5���+R!$VE-8J��

~9%('*)¢5m)�'*%(�&W j:-<+,%(Nx~bv - ),v4),+*%(J C<��F&-<j6FD%()¢-<; N JK-<),)
� C8dI!(C&;4+,'*C&jmjm%(',)G3&-8jmjDW ; N %('�+,V %g),W 79%('*Fb5m)*56CD;@C<�­-8;�56;AN W )a�
+*',5:-8j�7 ',CD�&'$-8J}J�%(N}!LC&;4+,'*C&jmjm%(']�U� j:-8'*�&%U��'$-8!(+*5mC&;�C<�i+,V %
� C8d � ªD£G�,¦&£�� �«56)�',%L!(5m',!(W j:-<+,%(N�+*V ',CDW �&V�7 W '*5§�9%(',)�+,VE-<+
'*%(J}C8FD%�C8®4v4�&%(;I-8; N dR-8+,%L'�F&-<7ECDW ']32~ W +U; C&+U; 5m+*',C&�D%(;o�
�a;�¨]¦D¦ © 3];A56+*',CD�&%(;���',CDJ �b-<)�jm%]-<#4)�5m;�+*V %RN '*5§�y+o!$VE-8J�~9%('*)
-<; N ��'*C&J NA5§/hW )*56CD;I5m;I+,V %�dR5m; N C8dx��CD5mj6)�-<!(!(W J�W j:-<+,%(N
5m;�+,VA%@jmC4C&7�+,C�-8;�%��4W 5mjm5m~ ',5mW J !(C&;A!(%(;4+,'$-8+,5mCD;�C8��¨D�m¨T���
nRVA56)"5m; � W %(;A!(%(N +,V %�N ',5���+"F&%(jmC4!(5m+av�5m;�+,V %��b-<)BJ�56®4+*W ',%
-<; N�'*%(),W jm+*%(N�5m;@-R�4-85m;U',%(N WA!(+,5mC&;�-8)|!(CD;4�E'*J}%(N�~4vU5m; N %$�
79%(; NA%(;4+R),+,WAN 5m%() � ¨ ¡ �,�oeICD',#�C&;�+*V %U!.V9-8J�~9%('��b-<)ijm%]-<#4)
-<)idg%(jmjh-8)RN %(!L',%]-<),5m; ��+,VA%B',%^��!(v4!(jm%(N���'.-<!(+,5mC&;���',CDJ ¦&£��
5m; ¨]¦D¦ © +*C�ª&£�� 5m; ¨G¦&¦&  � ¡ £�� %L®bV9-8W )*+?�(3�',%LN W !(%(N�+,V %
;A56+*',CD�&%(;�!(CD;4+.-8J�5m;E-8+*56CD;�+,C�-U),+$-8~ jm%Bjm%(FD%(j9C8�o£ � ¤ � dR56+*V
;A%(�&jm5m�&5m~ jm%R5m; � W %L; !(%�CD;K~9C&+*V�N ',5���+gF&%(jmC4!(5m+avK-<; N}�4-85m;o�
nRV %��US '*%]-8N CDW +�)*vb)*+,%(J !(C&; )*5m),+,) C8� �BJ}7Aj65��

�9%(' jDc4VE-879%(' j&�"5m),!('*56J�5m;E-8+*C&' � ��c �,��!]-8'*N )iJ�C&W ;4+*%(N�C&;4�
~9Cb-<',N +*V %IN ',5���+�!$VE-<J�~E%('*)]3UN '*5mFb5m; ��Q�SR� ),5m�&;E-<jm)KCD;
¥D£gJ�jmCD; � � -8+o!G-8~ jm%()�+,CB�h%GSg',C8v@¨Gª ¬D¬ H�W jm+,5mV 5m+h�E-<),+,_gW )

¨]£



nB�USU� )i5m;}+*V %U%(®4+,%('*;E-8j�%(jm%(!(+*',C&;A56!L)B+,'$-85mjm%(']�|nRVA%�NA%(),5m�&;
�&C4-8j � %L),79%(!(5:-8jmjmv¢5m; +,V %�!G-8),%�C8�R+,V %}��SU� )«-<; N��RMBSU� )��
dR-8)�!$VE-8J�~9%('�C&79%('.-<+,5mC&; -8+�jmC8d �4-8)��b-85m; ��� ¨]£<PF��+,C
JK-<®456J�5ml(%�!.V9-8J�~9%('�jm5���%(+,5mJ�%�-<; NI',%(NAW !(%�7E-8'*+,5m!(jm% � W ®
N %(79%(; NA%(; !(% C8�B+*V %}�4-8)��b-85m;IN WA%}+,C ),79-8!(%�!$VE-8'*�&%�%$�:�
��%(!L+,)]��n|C@!(CDJ�~ 5m; %B+*V 5m)R�&C4-8j9dR56+*V��&C4C4N}),79-8+,5:-<jh',%()*C&jmW4�
+,5mCD;}',%g�bWA56'*%()BCD7E%L'.-8+*5mC&;K-<+ijmC8d�+*V ',%L),V CDj6N � di%Lj6j9~9%(jmC8d
¨]£D1�%(jm%(!(+,'*C&; )���'*C&J�+*V %�dR5m',%D��nRV 5m)}5m;�+,W '*;�',%��4W 5m'*%()
~9C&+,VIjmC8d jmC&5m)*%�7E%('u��C&'*JK-<; !(%�C8�R+,V %}-<J}7 jm5��E%('*)�-8)�di%(jmj
-8)��&'*%]-8+|!]-<',%g56;�+,V %g'.-<N 5mC8�y��',%��4W %L; !(v�N %L),5m�&;�C8�E+*V %g%(jm%(!$�
+,'*C&; 5m!()"%(; !(jmCD),W '*%�C&;�+,V %�!$VE-8J�~9%('*)]39+,C�J�-85m;4+.-85m;�%(jm%(!$�
+,'*C&; 5m!�)*+.-<~ 5mj65m+av4���"jmjB�&'*C&W ;AN %Lj6%LJ}%(;4+,)�5m; !Lj6WAN 5m; �I+,V %
��cA��!]-<',N )g+,VA%(J})*%(jmF&%()g),V CDW jmN�~E%"!(C&;A),5mN %('*%(N�-8)�'$-8N 5mC8�
��'*%��4W %(; !(v�',%L),C&;9-8+,CD',)G3b-<; N@+*V %gj6C8dg%()*+o�y',%��4W %(;A!(v@C<�­-8;4v
',%L),C&;9-8;4+@J�C4N %�),V CDW jmN�~9%}#D%(7 +�di%(jmjR-8~9C8F&%�+,V %�7E-8)*)a�
~E-<; N�C8��+*V % -<J}7 jm5��E%('*)]� � CD'}%(® -8J�7 jm%&3�+*V 5m)}N 5m!(+$-8+*%()
+,V9-8+U+,V %��&'*C&W ;AN¢7 j:-<; %@C<�i%]-<!.V�¨G G�a!$VE-8; ;A%(j|��c � !G-8',N
!(CD;b+*5m;bWAC&W )*j6v�!(C&;4+.-<!(+�+,V %�%(jm%(!L+,',CD; 5m!()�%(; !(jmC&)*W ',%�-8jmC&;A�
~9C&+,V�),5mN %()�C8�B+*V %}!G-8',N�F45k-�)*7E%(!L5k-<jRV 5m�&V4�a!(CD; N W !(+*5mFb5m+av
!]-<',N��&W 5mN %L)]�
�"W ',5m; ��+,V %"�E'*),+RvD%]-8'RC<��C&79%('$-8+,5mCD;K5m; ¨]¦&¦ © 34-8jmjhN '*5§�y+

!$VE-8J�~9%('*)o79%('a��CD',J�%(N�).-<+,5m)a�a-8!(+*C&',5mjmv�-<; N@-<j6CD; %|7 ',C8F45mN %(N
+,VA%�+*'.-<!.#45m; ��N9-8+.-�+,V9-8+gdi%('*%UW ),%(N�5m;}+*V %U7 V4v4),5m!()R-8;E-<j§�
v4),5m)]���B)�N 5m),!(W )*),%(N�j:-8+,%L']3�7E%('u��C&'*JK-<; !(%�d`-<)�5mJ}7 '*C8F&%(N
5m;¢¨G¦&¦& 0�u¦ ¬ ~4v�+*V %@-8NAN 5m+,5mC&;�C8��+*V %��RMBSU� )]�

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

nRV %���',CD;b+gN '*5§�y+i!$VE-<J�~E%('*)`��SU¨B-8;ANK�oS ¡ 7 '*C8Fb5mN %"�&C4C4N
),79-8+,5:-<jR',%()*C&jmW +,5mCD;�5mJ}J�%(N 5:-G+,%(jmv�5m;���',CD;b+�C8�U+,V %�)*7E%(!^�
+,'*C&J�%(+,%('RJ�-8�D; %(+]�gQ�-8!$V�!$VE-<J�~E%L'B-8~9C8F&%UC&'R~9%(jmC8d +,V %
~9%]-8J !(CD; ),5m),+*)RC8�hC&; %"J}C4N W jm%gC8�h),5m®�),%(; )*%U7 j:-8; %(),+4+,V4W )
+,VA%B+,CD+.-<j9��',CD;b+�N ',5���+g!$VE-8J�~9%('�7E-<!$#&-8�&%R7A',%()*%(;4+,)B+adg%(jmF&%
),%L; ),%R7 j:-<; %()|+,CU-B!$VE-<',�D%(N@79-8',+*5m!(jm%&���"%()*5m�&;�7E-<'.-<J}%(+*%(',)
-8'*%Uj65m)*+,%(N�5m;�n�-<~ jm%@¨D�
�fN '*5���+U!(%(jmj�),5ml(%�C8�RC&;Aj6v ¬ J}J � ¥ � © J}J JK-8®45mJ�W J

N '*5§�y+ijm%(; �D+,VW�gdR-8)R!$V CD),%(;�+,C�7 '*C8Fb5mN %��E; %�)*7E-8+*5:-8jh�&'$-8;4�
W j:-8'*5m+av@+*C�JK-8®45mJ�5ml(%g+,C&jm%('$-8; !L%�+*C@~9C&+*V�!(C&'*',%(j:-8+*%(N�-8; N
W ; !LC&','*%(j:-8+*%(N ~E-8!$#4�&'*C&W ; N����a+@%(J�%(',�D%(N�+*VE-8+�W ; !(CD',',%^�
j:-8+*%(N�~E-<!.#4�D',C&WA; N�56)"J}CD),+,jmv���'*C&J !(C&jmjm5mJK-<+,C&'�),V C8dg%(',)G3
-8+|+*V %`-GFD%('.-<�&%gjm%(F&%(j4C<�EC&; jmv�£ �m¨�+,'.-<!$#b)|79%('�%(FD%(;4+]�|� CD'�-
J}5m; CD'h��'$-8!(+*5mC&;�C8�o+*V %B%LF&%(;4+,)G34+,V %U�oS�C4!(!(W 79-8+,5mCD;���'*C&J
!(CD',',%Ljk-<+,%(N +,'$-8!$#4)�!]-8;�~9% ),W ~ )*+.-<;b+*5:-8ja3R~ W +�5m)K-8jmdR-Gv4)
-8!L!(%(7 +$-8~ jm%&�
nRV %���cA� N %L),5m�&;�56)�),5mJ}5mj:-8'"+,C�+*VE-8+�C<�B+,V %��h%]Sg'*C8v

¡&¬ ¥ © ��S !]-8'*No39%(®4!(%(7 +UdR5m+,V¢-�jmC8dg�a; C&5m)*%B�y',C&;4+R%(;AN¢-8; N
7 W jm)*%�)*VE-87 5m; � -8N NA%(No� e�56+*V +,VA%�5m; 7 WA+ +*'.-<; ),5m),+*C&'
� H�H�_`Z"¦8¤9¨]�4n�¨��oWA),%(N�56;�!LC&J}J�C&;U%(J�56+*+,%('|J�CbNA%RdR56+*V
��%(%LN ~E-8!$#h3h!$VE-<; ; %(j|+,C�!$VE-8; ;A%(j|�b-85m;�F&-<',5:-8+*5mC&;}5m)U-8~9C&W +
��¨]£Q���o�a;�CD',N %('�+,C�CD7 +,5mJ}5ml(%g7 W jm)*%R7E-85m'�'*%(),CDj6WA+,5mC&;�-8; N
V %(;A!(%�'.-8+*%�!]-87E-<~ 5mjm56+av43�7 W jm),%�),VE-<7 5m; �¢~9%(+adg%(%(; ),+$-8�D%()

100

150

200

250

300

0 0.5 1 1.5 2 2.5 3
Drift Distance (mm)

R
es

ol
ut

io
n 

(µ
m

)

��5m�&WA',% © ���oS '*%(),CDjmW +,5mC&;�-<)���WA; !(+,5mCD;KC<�oN ',5���+RNA56)*+.-<; !(%&�

5m)�-8jm)*C�-<N N %(N��@� j6CD; �}+$-85mj�N WA%@+*C�7ECD),5m+,5mFD%@5mC&;A)B�y',C&J
+*V %�-GF&-<j:-8; !$V %gN ',5���+*5m; ��+,C�+,V %"!]-8+*V C4N %()R5m)�!]-<; !(%(jmjm%(N}~4v
)*VE-87A56;A�@dR5m+,V�+adiC�),+$-8�D%()RC8�|7ECDj6%^��l(%L',C8�a!]-<; !(%(jmjm%(N�N 5�/h%('a�
%L;b+*5:-8+,5mCD;o�hn|Cg��-8!L56jm5m+.-<+,%�+,%()*+,5m; �BC<� +,V %g!$VE-8J�~9%('h),v4)*+,%(J 3
-�jm5m; %]-8'RJ�C&; 5m+*C&'�79C&5m;4+i5m)R7 '*C8F456NA%(N���C&'g%]-8!$V�!$VE-<; ; %(ja�
nRV %�+*V ',%()*V C&jmN !]-<;�~E%�F&-<',5m%(N���',CDJ -87A7 ',C8®45mJK-<+,%(jmv

£A�T£ ¬ +,C¢¨D� ¡&© � �f-<+B+,VA%@5m; 7 WA+]�R�R+"+,V %�jmC8dg%(),+"F&-8jmW %&3A5m+
dR5mjmj&+*',5m�&�D%('o% �}!(5m%(;4+,jmvUC&;@-<;�5mJ}7 W jm)*%�!$VE-<',�D%iC<�­-87 7A',C8®D�
5mJ�-8+,%Lj6v�¨ ¡ 3 £D£&£�%(jm%(!(+,'*C&; )G34',%()*W jm+,5m; ��5m;}ª|;A)�dR5mN %R7AW jm),%()
-<+@~9C&+*V�+*V %�j65m; %G-8'�J}C&;A56+*C&'@-<; N Q�SR� j6CD�&5m!�C&WA+,7 W +*)]�
�";¢5mJ�7 W jm),%U!$VE-8'*�&%�C<��¨] D£&£�%Lj6%L!(+,'*C&; )�7 ',C4N WA!(%()@-�jm5m;4�
%G-8'U7 W jm),%�C8�B-8~9C&WA+B+,VA%�).-8J�%�JK-<�&; 5m+*W N %�-8)U+,VA%�Z"H�c
;AC&5m),%&�g�a;�+*V %}¨G¦&¦ © '*W ; ; 5m; ��7E%L',5mC4No3 +*V %���S�+*V ',%L),V CDj6N
dR-8)�N 5m!(+$-8+,%LN�~4v�-8J�~ 5m%(;4+U; CD56)*%}'$-8N 5:-8+*%(N�~4v +,V %�+$-8'a�
�D%(+�']� �.�I)*vb)*+,%(J �I�a;�¨G¦&¦D  3|+,VA%K+$-8'*�&%(+�']� �.�I;AC&5m),%�d`-<)
'*%(N W !L%(N -<; N�+*V %�%(jm%(!(+*',CD; 5m!()U%(; !(jmC&)*W ',%�dR-8)B5mJ�7 ',C8FD%(No3
-<jmj6C8dR5m; ��-�+,V '*%(),VAC&jmN¢C<��¨(¤4£|; � ��',CDJ +,V %�dR5m',%&3h!LC&','*%$�
)*7ECD; N 5m; � +,CI-�!$VE-8'*�&%�5mJ}7 WAj6)*%�C8��-<~ECDW + ¡ £ 3T£&£D£�%(jm%(!$�
+*',CD; )]�gnRV %�79C8dg%('R!(C&;A),W J�7 +,5mC&;�79%('B~9Cb-<',N�5m)�£A� ¥�� -<+
� © M -8; N £ � ©&© �f-<+.- ©$/T¡ M�3 CD' ¡D¬ £|J�e�7E%L'�!$VE-<; ; %(ja�
["%(; !(%�J}C4N %('$-8+,%"��CD',!(%LN�-<5m'i!(C4CDj65m; ��5m)R7 ',C8F45mN %(N��
Mi-8jmW %L)�C8�h+,V %R'*%(),CDjmW +,5mC&;}-<; N�%��}!(5m%(; !(v�C<�­+*V %R!$VE-8J��

~9%('*)�5m;}¨G¦&¦D R-8',%�7 jmC&+,+*%(N@-<)�-g�yW ; !(+*56CD;�C8� +*'.-8!$#�79C&)*5m+,5mC&;
-<!(',CD),)�+,V %gN ',5���+h!L%(jmj&5m;@��5m�&)]� © -8; N� A�hnRV %gF&-8jmW %()h)*V C8dR;
�yC&'�+*V %U',%()*C&jmW +,5mCD;K-8'*%B+*V %U',%()*W jm+iC<��-"�E+*+,5m; ��+,%(!$V ;A5 �4W %
+*VE-8+�',%LJ}C8F&%L)@+*V %�!(C&;4+,'*5m~ W +,5mCD;�C8�U+,V %�+*'.-8!$#45m; � ',%()*C8�
jmW +*5mC&;�+,C�+,VA%@+*'.-8!$#�',%L),5mN WE-<j6)G��nRV %L),%�F&-8jmW %()"+,V %('*%$��CD',%
~9%(+*+,%('"',%(7 '*%(),%L;b+U+*V %�',%L),C&jmW +*5mC&;�C8�|+,V %U!$VE-8J�~9%('*)]�

¨&¨



Drift Distance (mm)

E
ff

ic
ie

nc
y

0.8

0.9

1

0 0.5 1 1.5 2 2.5 3 3.5

��5m�&W '*%¢  ����S ),5m; �Dj6%^��7 j:-<; %�%��}!(5m%(; !(v -8)���W ; !L+,5mC&;�C<�
N '*5§�y+RN 5m),+.-<; !(%&�

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

nRV %�~E-<!.#�N ',5���+�!$VE-8J�~9%('*)�_`SU¨kj ¡ -8; N _RSR¥�j8¤I-8'*%�5m;
+,VA%�)*5ml(%U',%(�D56J�%BdRV %L',%�)*7E%(!L5k-<jo-8+*+,%(;4+,5mCD;K5m)g',%��4W 5m'*%(N�5m;
+,VA%KJ�%(!$VE-8;A56!G-8jgN %(),5m�D; +*CIJK-<56;4+$-85m;¢+*V %�',5m�&5mN 5m+avI-8; N
),+$-8~ 5mjm5m+av�; %(!(%L),).-<',v���C&'RWA; 5���C&'*J dR5m',%�+*%(; ),5mCD;�-<; N�7 '*%$�
!(5m),%�-8jm5m�&;AJ}%(;4+]�gnRV %L),%�N %(+,%L!(+,CD',)@-<',%�N %(),!L',5m~E%LNI56;�N %$�
+.-<5mjR56; � ¨G¥ �,��nRV %¢-<!(+,5mFD%¢-8'*%]-8)�C8��+,V %�J}C4N W jm%()�di%L',%
!$V C&)*%(;�-8!L!(C&'*N 5m; �}+*CK+*V %(5m'Ul$�a7ECD),5m+,5mC&;A)�-8;AN¢+*V %�-<!(!(%(7t�
+.-<; !(%�C<��+,V %�),79%(!(+*',C&J�%(+,%L']�RnRV %��&%(CDJ}%(+*',5m!]-8j�7E-8'$-8J�%$�
+,%L',)@-<',%�jm5m),+,%LN¢5m; n�-<~ jm%K¨D�@Q�-<!$VIJ}C4N W jm%�!(CD;4+.-85m; )�¨L¤
�E~9%(',�Dj:-8),) j8%(79C8®4v � z ��������'$-8J�%()�C8�@ª J}J +,V 5m!$#4; %(),)G3
5m; !(jmW N 5m; �} �dR5m',%���'.-<J}%()G�RnRV %(v¢-<',%�!Ljk-<J}79%(N�~9%(+adg%(%(;
+adgC«¥DªUJ}J +*V 5m!$#�; C&;t��J�-8�&;A%(+,5m!g),+.-<5m; jm%(),)�)*+,%(%Lj9��'.-<J}%()G�
nRV %U+,CD+.-<jo+,VA56!$#4; %()*)BC<��-�J}C4N WAj6%"5m)�¨]¦&£�J}J �9_i%(!G-8W )*%
C8�g+,V %(5m'U�&'*%]-8+"jm%(; �&+*Vo3h+*V %��y'.-8J�%()Rdg%(',%�7 '*%(),+*',%()*),%(N�+,C
JK-<5m;b+$-85m; +,V %�dR5m',%�-8; N���C&5mjg+,%(; )*5mC&; )G��nRV %�dR5m',%L)}-8',%
jmC4!]-8+*%(N}7 '*%(!(5m),%Lj6v�~4v�!(CD;4+.-8!L+idR5m+,V}-<!(!(W '$-8+*%�7A56;A)�JK-<N %
C8��{�C&jmv&C8®4v4J}%(+*V4vbjm%(;A%�dR56+*V © � J +*C&jm%('$-8; !(%D3i5m; )*%(',+*%(N
5m;¢VAC&jm%()�N '*5mj6jm%(N 5m;¢+*V % z �o� ��'.-<J}%()UdR5m+,VI-�7 '*%(!(5m),5mC&;
C8��~9%(+,+*%('U+,VE-<; © £ � J¢��nRV %�V CDjm%()B-8'*%�jmCb!G-8+,%LN¢-8jmC&;A��-
!(W '*F&%(N�!(C&;4FD%(®¢jmC4!(W )�+,VE-<+�!LC&J}79%(; )$-8+*%()@+*V %�%(®479%(!(+,%LN
),+*',%()*)�N % � %(!(+,5mCD;�C8� +,V %���'$-8J}%L)]3G5m;�C&'*N %('|+,C"7 ',%(FD%(;4+|N 5m)a�
7 j:-8!L%(J}%(;4+"C8�i+*V %�� -8; N M dR56'*%()]��� J}%]-<;�N %(F45:-8+*56CD;
C8�R¨(¤ � J �yC&'R+,VA%�79C&)*5m+,5mC&;�C8��+*V %�V CDjm%()Rd`-<)RJ}%]-<),W '*%(No�
{|5m; )�7A',%(!(5m)*%(jmv�j6C4!]-<+,%(N�5m;�V CDjm%()�!]-<;�~E%R7 '*C4N W !(%(N�J�W !$V
J}CD',%U%]-<),5mjmv}+,V9-8;�!(CDJ�~ )B-8;AN¢-8jmjmC8d�!(CD;bFD%(; 5m%(;4+B5m; )*+.-<j§�
j:-8+*56CD;�C8�i+*V %�dR5m',%()G�UnRV %��b-<)B5m)U56;G�$%(!(+*%(N¢NA56'*%(!(+*j6v�56;4+*C
+,VA%KdR5m'*%K�4-87 )}-<; N %(®4VE-8WA),+,%LN�F45k-�+,V %�dR5m; NAC8d �b-<7 )]�

eICD',#�CD;I+,V %�!$VE-<J�~E%L'��b-<)�jm%]-8#4)@-0��+,%('�+,V % ¨]¦&¦ © ',W ;4�
;A56;A��7E%('*5mCbN�',%(N WA!(%(N +,V %�jm%]-<#}'$-8+,%�C8��+,V %�_`SU� )B+*C�+,V %
jm%(FD%(j C<�oN 5�/­W )*5mC&;�+,V '*C&W �DV�+,V %RdR5m; N C8d���C&5mjm)]�2nRV %B!]-<+,V4�
C4N %RdR5m'*%()`-<; N���CD56jm)i-<',%RCD7E%('$-8+*%(N�-8+�+*V %B)$-8J}%g; %(�4-8+*56FD%
VA56�DV�F&CDj6+$-8�D%BC8�o+av47 5m!]-<jmj6v�¨ ¬D¬ £�M�+D+,V %�-<; C4N %UdR56'*%()B-8'*%
-<+|�&',CDW ; N�7ECD+,%(;4+*5k-<ja�oH�C&'*%iNA%(+.-<56jm)|C&;�+,VA%R_`S�J}%(!$VE-<;4�
5m!]-<jh!(C&;A),+,'*W !(+*56CD;�!]-<;K~9%"��C&WA; N�56; � ¨(¤ � � ¨ © �u�
nRV %�!$VE-8J�~9%('"_`SU¨�5m)UjmC4!]-8+*%(N¢5m; +,V %��y',5m; �&%«�E%(jmNIC8�

+*V %RJK-<�&; %L+]�h�a+�V9-8)g~E%(%L;}F&%L',5��E%(N�~4v�),5mJ�W j:-8+*56CD; )hW )*56;A�
+*V %U7 ',CD�&'$-8J z �UZB���,Q���� � ¨]  �o+*VE-8+B-�F&%L',+,5m!]-<jh!(C&J�7EC<�
;A%(;4+BC8�R£ �m¨Un !(C&;4+*',5m~ W +*%()�+,C�-�N %LFb5:-<+,5mC&;�5m;�+,VA%�J}%]-0�
)*W ',%LN}!(C4C&'*N 5m;E-8+*%BC<���� D£ � J¢3GdRV 5m!$V�!]-8;�~E%"; %(�Dj6%L!(+,%(N
5m;�+,V %@-<;E-8jmv4),5m)G�
nRV %I_RS 79%('u��C&'*JK-8;A!(%¢dR-8)�)*+,W N 5m%(N %L®b+*%(; )*56FD%(jmv�5m;

+*%(),+|~9%]-8JxJ}%]-<),W '*%(J}%L;b+*)o5mjmjmW J}5m;E-G+*56;A��%(),)*%(;4+,5:-8jmjmv�CD; jmv
CD; %�N ',5���+U!(%(jmj�79%('�7Ajk-<; %&���B;AN %('�+*V %(),%�!LC&; N 5m+*56CD; )U+,V %
["M$j<+,V '*%(),V CDjmN )*%(+,+*5m; ��¨ ¬&© £�M$j © £�J}M d`-<)���C&WA; N�+*C
~9%U+,V %UCD7 +,5mJ�W JxdiCD',#45m; ��79C&5m;4+]34v45m%(jmN 5m; � � 	 ¨ ¬D© � J
'*%(),CDjmW +,5mC&; � � 	 ¨ © £ � J 5m;¢+*V %�!(%(;4+*'.-8jg',%L�&5mC&; C8�R+,V %
_RS N '*5§�y+B!(%(jmjB�B-<; NI¦&  �T¥Q� %��}!(5m%(; !Lv¢-8+U �� !('*C&),)U+$-8jm#h�
nRVA%K% �}!(5m%(; !(v dR-8)�N %(+*%(',J�5m; %(N���',CDJ +*V %�C4!(!(W '*',%(; !L%
C<��!.V9-8J�~9%('B)*56�D;E-8jm)R5m;�-�'$-8+,VA%('U;E-8'*',C8d ��¤ � !(C&'*',5mN CD'
-<',CDW ; NI+,VA%}',%^��%(',%L; !(%�+*'.-8!$#h3�dRVA56!$VIdR-8)�NA%$�E; %(N ~4vI-
)*5mj65m!(CD;}J�56!L',C�)*+,',5m7�N %(+*%(!(+*C&'U+,%(jm%()*!(C&79% � ¨ ¬ 3h¨]ª �u�

nRV %�_RS 7E%L'a��CD',JK-<; !(%UdR-8)R%(F&-<j6W9-8+,%LNKWA),5m; ��7 '*CbNAW !$�
+*5mC&;�NE-<+.-"��'*C&J ; CD',JK-<j ',WA; ; 5m; �E��nRV %"dR56NA+,V )gC8� z -<W )a�
)*5:-8;��9+,)g+,C�+,VA%B!(%(;4+*'.-8j�7ECD',+*56CD; )gC8��+*V %U',%()*5mN WE-8jhNA56)*+,'*5§�
~AW +,5mC&;��yC&'R-8jmjE+*'.-<!.#4)R!('*C&)*),5m; ��+,V %U7 j:-8;A%BdR5m+,V�-8;}-8;A�&jm%
� ¨ ��5m)��&5mF&%(;I5m;���5m�E� ¬ -8)���W ;A!(+,5mC&;IC<��+*V %}N '*5���+�N 5m)a�
+$-8; !L%���CD'�~ECD+,V�_RSU¨Tj ¡ -<; N�_RSR¥�j<¤E� nRV 5m)�7 jmC&+�d`-<)
CD~ +.-<5m; %(N ~bv�!(C&J�~ 5m; 5m; ��+*V %�NE-<+.-���'*C&J -<j6j�!(%(jmjm)�C<��-<jmj
7Ajk-<; %()G�fn|'.-<!$#b)�!(jmCD),% +,C�+*V % ),%(; )*%IdR5m',% � 5�� %&�x),J�-8jmj
NA',5���+RN 5m),+$-8; !L%()?�"-8',%�%(®4!(jmW N %(N�~9%(!]-<W ),%�+,V 5m)BN9-8+.-�79C&5m;4+
5m)�)*+,'*C&; �Dj6v}-0/­%L!(+,%(N�~4v�+,V %UN 5 �}!(W jm+*56%L)�5m;�',%()*C&jmF456;A��+,V %
jm%$�y+ j8'*5m�&V4+@-8J�~A56�DW 5m+av&��[BC8dg%(F&%('G3�-�)*J}C4C&+*V¢~9%(VE-GF45mC&WA'
C<��+,V % ',%()*5mN WE-8j"!]-8; ~9%¢-8)*),W J�%(No� �")}%(®479%(!(+,%LNo3U+,V %
~9%()*+}F&-8jmW %�5m)�J}%]-<),W '*%(N�5m; +,V %�!(%L;b+*'.-<j�'*%(�&5mCD;�C8�U+,V %
NA',5���+R!(%(jmja�"nRV %�',%L),W jm+,)�-<',%�-87 7 '*C8®456J�-8+*%(jmv ¡ ¨]£ � J ��CD'
_RSU¨Tj ¡ -<; N ¡&© £ � J ��C&'g_RSR¥�j8¤9�
nRV %�-GF&%('$-8�D%}_RS 7 j:-8; %�%��}!(5m%(; !Lv ��C&'�%(jm%(!(+*',C&;�-<; N

79C&)*5m+,',CD;�+,'$-8!$#4)|56)���CDW ; NU+,CU~9%idg%(jmjb-<~EC8FD%i¦&¦Q����C&'g¨]¦D¦& 
N9-8+.-A�onRVA%�)*5m+,WE-<+,5mC&;�5m)g),C&J�%(dRVE-<+�diCD',)*%R��CD'`-<j6j9+,'$-8!$#4)]3
dRVA56!$V�-<',% JK-<56;Aj6vIV9-8N '*C&; )G3BN WA%¢+*V %¢)*JK-<j6jm%('�%L; %(',�Dv
NA%(7ECD),5m+,%LNK5m;�+*V %U!.V9-8J�~9%(',)�~4v�VE-<N ',CD; )]�|nRVA%B7 j:-8;A%B%$�:�
�9!(5m%(; !(v�N ',CD7 )i+*C�¦ ¬ �xdRV %(;�-8jmj9+,'.-<!$#b)B-<',%"!(C&; )*5mN %(',%LNo�
nRVA%�%��}!(5m%(; !Lv�5m)�!]-8jm!(W j:-<+,%(NU~4vUW ),5m; �R+*V %�',%L!(C&; )*+,'*W !(+,%LN
+*'.-<!.# -8)�-�'*%$��%('*%(; !(%�-8;AN¢-8N CD7 +,5m; ��+,V %�)$-8J�%�!(C&'*',5mN CD'
dR5mN +*V¢-8)"W ),%LNI56;�+,V %�',%(!LC&; )*+,',WA!(+,5mC&;I7A',C&�D'.-<J +,C��9; N
+*V %�V 5m+*)B~9%(jmC&; �D56;A��+,CK-�+*'.-<!.#h395a� %&�R-8~9C&W + ��¥ � 39dRV %(',%
� 5m)"+,V %�7Ajk-<; %�'*%(),CDj6WA+,5mC&;o��nRV %@NA%(7E%L; N %(; !L%�C8��+,V %�%$�:�

¨ ¡



150

200

250

300

350

400

450

0 1 2 3 4 5 6 7

BC3/4

BC1/2

Drift Distance (mm)

T
ra

ck
 R

es
id

ua
l W

id
th

 (
µm

)

��5m�&W '*% ¬ ��e�5mN +,VIC<�`+*V %}_RSU¨Tj ¡ -8;ANI_`SR¥Qj8¤�'*%(),5mN WE-<j
N 5m),+*',5m~ W +*5mC&;�-8)2��W ; !(+*5mC&;�C<�t+*V %gN ',5���+hN 5m)*+.-8;A!(%��yC&'o+*'.-<!.#4)
dR5m+,V�-8;�5m; !(5mN %(;4+B-8;A�&jm% ��¨ � �

�E!(5m%(;A!(vIC&; +,V %�N ',5���+UN 5m)*+.-8;A!(%}-GF&%('$-8�D%(NIC8F&%('�-8jmj�N '*5§�y+
!(%(jmjm)R5m)R),V C8dR;�5m;K��5m�E� ªA�
�a;4F&%()*+,5m�b-<+,5mC&; )�C8�h+,V %gjmC&; �U+*%(',Jx),+.-<~ 5mjm56+avUC<�E+,V %�¨G¦&¦ ©

NE-<+.-�),V C8dg%(N}+*V %B%L®b79%(!(+*%(N�!(CD','*%(j:-8+,5mCD;}~9%(+adi%L%(;�!$VE-8J��
~9%('�79%('a��CD',J�-8; !(%R-8;AN�-<+,J}CD),7 VA%(',5m!g7 ',%()*),W '*%&34dRV 5m!$V@jm%(N
+,C�F&-<',v45m; ��dgC&'*#b5m; ��!(CD; N 5m+,5mC&;A)]�
�f)*vb)*+,%(J +,C�!(C&J�7E%(;A).-8+*%��yC&'�-<+,J�C&),7AV %(',5m!�7A',%()*),W '*%

F&-8'*5:-8+,5mCD; )�~4v}N v4;E-<J}5m!]-<j6jmv@-<N]�$W )*+,5m; ��+,V %UV 5m�DV}F&CDjm+.-8�D%
dR-8)�56;4+*',C4N W !(%LN�N W '*5m; �¢+*V %¢¨G¦&¦D �',W ;A; 5m; �¢79%('*56C4No� �
� ; C&J�5m;E-8ja�DV 5m�&V�FDC&jm+.-<�&%U),%(+*+,5m; ��C8�U¨ ¬&¬ £�M d`-<)B!$V C&)*%(;
��CD'�-8;�-8+,J�C&)*7 V %('*56!�7 ',%()*),W '*%RC8��¨G£ ¨G¥gJ�~E-8'G�hnRV %R-8!(+*WE-8j
C&79%('$-8+,5m; ��F&C&jm+$-8�&%�dR-8)�!(CDJ}7 WA+,%(NIW )*5m; �¢-�7E-<'.-<J}%(+*',5��
).-<+,5mC&;�C8��+,V %��b-<5m;KFD%(',)*W )�-8+*J}C&)*7 V %('*5m!�7A',%()*),W '*%}�&5mFD%(;
5m;�ZR%$�.� � ¨]¦ �,�gnRV %�VA56�DV�F&CDjm+.-8�D%U),%(+*+,5m; �}5m)"!(C&'*',%(!(+*%(NI5m;
),+*%(7 )�C<�K¨ M�C&jm+�C8F&%('�-�'$-8; �D%¢C<� � ¡ £IM�CDj6+*)]� nRV 5m)
),!$V %LJ}% ),5m�&; 5��E!G-8;4+,jmvf5mJ�7 ',C8FD%()I+,V % ),+$-8~ 5mjm5m+avfC<�¢+,V %
!$VE-8J�~9%('*)�-<)|!]-8;�~E%g),%L%(;�5m;���5m�E�G¦ ��nRV %iNA%(7E%L; N %(; !L%�C<�
+,VA%«-GFD%('.-<�&%"7 j:-8; %"%��}!(5m%(; !(v�CD;}+*V %�-8+,J�C&)*7 V %('*56!R7A',%()u�
),WA',%�56)"7 ',%L),%(;4+,%LNI��CD'BNE-<+.-�~9%$��CD',%�-8; N -G��+*%('B5m;4+,'*CbNAW !$�
+,5mCD;}C8�|+,V %U�4-85m;�),+$-8~ 5mjm5m).-8+*5mC&;�),!$V %LJ}%B5m;�+,V %UJ}5mN NAj6%RC<�
¨]¦D¦& �'*W ; ; 5m; �9�inRVA%�C8F&%('$-8jmjh5mJ}7 '*C8F&%(J�%(;4+�5m;�%��}!(5m%(; !(v
W )*56;A�}+,VA56)U)*vb)*+,%(J 5m)@¨�+*C ¡ ���"nRV ',%()*V C&jmN ),%(+*+,5m; �D)�C<�
  © J}MI�yC&'�+*V %B_RSU¨Tj ¡ -8; N}ªD£"J}M���C&'�+,V %"_`SR¥Qj8¤UVE-GF&%
~9%(%(;�W )*%(No�
nRV % C&79%('.-<+,5mC&; C8�@+*V % %(5m�&V4+�_`S J}C4N W jm%()�d`-<)K'*%$�

JK-<',#&-<~ jmvR),+.-<~ jm%i-8;AN�',%(jm5:-8~Aj6%|5m;�+*V %��9',),+ ¡ � © vD%]-8'*)|dR56+*V
jmC8d�NE-<',#}!LW ','*%(;4+,)]�

96

97

98

99

100

101

0 1 2 3 4 5 6 7
Drift Distance (mm)

E
ff

ic
ie

nc
y 

(%
)

��5m�&WA',%�ª �|_`S %��}!(5m%(; !(v�-<)`-«��W ; !L+,5mC&;�C8��+*V %UN ',5���+gN 5m)a�
+$-8; !L%���C&'U+,VA%�W 7 79%('�_RS J}C4N WAj6%L)�WA; N %('�;AC&',J�-8j�',W ;4�
;A56;A�@!(CD; N 5m+,5mCD; )]�

93

94

95

96

97

98

99

100

980 990 1000 1010 1020 1030 1040

96 DATA

95 DATA

Atmospheric Pressure (mbar)

E
ff

ic
ie

nc
y 

(%
)

��5m�&WA',%}¦ ���BFD%('.-<�&%(N�_`S 7Ajk-<; %�%��}!(5m%(;A!(v�-8)U�yW ; !(+*56CD;
C<�o+,V %U-8+*J}C&)*7 V %('*5m!R7 ',%()*),W '*%"��C&'g+,V %�¨]¦D¦ © NE-8+$-U).-<J}7 jm%
� C&79%(;}!L56'*!(jm%()?�g-8;AN}-�¨]¦D¦& "NE-8+$-U).-<J}7 jm%R-G��+*%('g56;4+*',C4N W !$�
5m; �I-I�4-85m;�)*+.-<~ 5mj65m)$-8+,5mCD;�),!$V %LJ}% � �Ejmj6%LN !L56'*!(jm%()?�L� � CD'
NA%(+.-<56jm)g),%(%�+,VA%�+*%(®4+]�

¨]¥



� ��� �  #� � � � � � ��� � �)� ���! " $&%'��� (
?BCD+adR5m+,V )*+.-8;AN 5m; ��+*V %�-8N %g�bW9-8+,% 79%('a�yC&',J�-8; !L%�C8��+,V %
+,'$-8!$#45m; ��),v4)*+,%(J NAW ',5m; ��+*V %@¨G¦&¦ © !LC&J}J�5m),),5mCD; 5§; �RvD%]-8'G3
',%LN W ; NE-<; !(v�5m;}+*V %"��',CD;b+R'*%(�&5mCD;}dR-8)R5m; ),W��}!(5m%(;4+]���hCD),)
C8��-�)*5m; �&jm%K��S 7Ajk-<; %}!LC&W jmN�V9-GF&%�VE-8N�),%('*5mC&W )�!(CD; ),%^�
�4W %(; !L%()]��nRV %('*%�d`-<)«-<jm),C���C&'*%(),%L%(;�+*V %@;A%(%(NI�yC&'R�y',C&;4+
+,'$-8!$#45m; �@%Lj6%LJ}%(;4+,)�dR56+*V}j:-8'*�&%('R-8!L!(%(7 +$-8; !(%"��CD'`-«��W +*W ',%
W 7 �D'.-<N %U+,C�7 ',C8F45mN %BJ�WAC&;�N %(+*%(!(+*56CD;�~E%(vDC&; N�+*V %U),+.-<;4�
NE-<',N -<!(!(%(7A+.-8;A!(%&� [B%L; !(%�-8; -8N N 5m+*56CD;E-8jg�B'*5���+�M�%('*+,%(®
SgVE-<J�~E%(' � �RMBSN�g7E-<5m'Rd`-<)R!(C&; )*+,'*W !(+,%LNo3�-<; N�5m; ),+$-8jmjm%(N
5mJ}J�%(N 5:-8+*%(jmv���CDjmj6C8dR5m; ��+,V % MBSU� )���CD'}W )*%¢)*+.-8'*+,5m; � 5m;
+,VA%�¨]¦&¦ ¬ '*W ; ; 5m; � 79%(',5mC4No� nRV %��RMBS N ',5���+�!(%Lj6j�N %$�
),5m�D;�5m)�),5mJ}5mj:-8'�+,C�~ W +})*jm56�DV4+,jmvI),J�-8jmjm%('�+,VE-<;�+,V9-8+}C<�
+,VA% �oSU� )G� ["C8di%(FD%(']3�+,V %���MBS -8!(!(%L7 +.-<; !(% %(®4+,%(;AN )
F&%L',+,5m!]-<jmj6v���',CDJ �U¥ © J}'$-8N�+,C�� ¡&¬ £�J�'.-<No3E-<; N�!(C8F&%('*)
� ¡ £D£�J�'.-8N�V C&'*5ml(C&;4+.-<jmj6v4�
�B;}-<!(W +,%UN %L),5m�&;�7 ',CD~ jm%(J -8',5m)*56;A�U��',CDJ +,V %��RMBS�jmC8�

!]-<+,5mC&; ; %]-<'}+*V %�+.-<',�D%(+}!$VE-<J�~E%('�%(®45m+}dR5m; N C8d 56)�+,V %
!(jmC&)*%@7A',C8®45mJ}5m+av�C8�i+*V %�-8!(+*56FD%@-8'*%]-�+,C�+,V %�~E%G-8J 7 5m79%&�
nRV 5m)B5m)"),C&jmFD%(N�5m;�7E-<',+B~4v�),%L7E-8'$-8+,5m; ��+*V %��yW ; !(+*56CD; )BC<�
�b-<)|%(; !(jmC&)*W ',%B-<; N�!.V9-8J�~9%('h��'$-8J�%()]��nRV %g�b-8)|%(;A!(jmC&),WA',%
C&'�~EC8®�NA%(),5m�&;I5m)U),5mJ�56j:-<'R+,C�+*VE-8+UC8�R+,VA%}MBSU� )]3hdR5m+*V -
F&%L',v +,V 5m;�dR-8jmj|jm%(),)�+*VE-8; ¨�J}J ��',CDJ +*V %�~E%G-8J +*W ~9%&�
Q�-<!.V�C8��),5m®}dR5m'*%�7 j:-8; %L)B5m;�-�~EC8®�5m)R!(j:-8J�7E%(N�~9%(+adg%(%(;
5m+,)�C8dR; 7E-85m'�C8�B!]-<+,V C4N %��yC&5mji7Ajk-<; %()G���"j6jg7 j:-8;A%()�!]-8;
~9%B5m; ),+$-8jmjm%(N�+,C&�D%(+,VA%('i5m;�+*V %B~9C8®�dRV 5mjm%R+,V %Lv}-8',%RJ�-8+*%(N
dR5m+,V +,VA%�),5m�&;9-8jg��%(%LN4��+*V ',CDW �&VA)K5m; +,VA%�jm56N�� [BC8dg%(F&%('G3
+,VA%i7 j:-<; %()�-8'*%i+*V %(',%G-G��+*%('�7 '*%(!(5m),%(jmv@-<jm56�D; %(N�~4vU+adgCB7 5m; )
%��4W 5m7 79%(N dR56+*V��b-<)R),%]-<jm)]3h%(®4+*%(',;E-<jmj6v�5m; )*%(',+*%(N¢+*V ',CDW �&V
+,VA%}~9C8® -<; N�-8jmjg+,V %�7 j:-8; %()G��nRV %}%L; N )�C8�R+,VA%(),%�7 5m; )
7 '*C8Fb5mN %�%(®4+,%L',;E-<jB-8jm5m�&; J�%(;4+g�EN W !(5:-<j6)G��� �b-<)�5m;]�$%(!(+*C&'
5m)�-<j6)*C}%(®4+*%(',;E-<jmj6v�56;A),%('*+,%(NI+*V ',CDW �&V�+*V %�~9C8®KdR-8jmj�56;4+*C
%]-<!.Vf-<; C4N % 7 j:-8; %I-G��+*%('�5m+,)�5m; )*+.-8jmj:-8+*5mC&; 5m;�+*V %I~EC8®h�
nRV %��4-8)�)*7 5mj6jm)�C&W +�C<��+,V %¢-<!(+,5mFD%K�4-87 )�5m;4+,C +,VA%�~EC8®h3
-8;ANIV %(; !(%�+*C¢-�!LC&J}J�C&;�%(®45m+�79C&',+G��_gC&+*V�+,VA%}),5m�D;E-8j
��%(%LN4��+*V ',CDW �&VA)@-8; N +,VA%��b-8)U5m;]�$%L!(+,CD',)�-8'*%�N %(),5m�D; %(N ��CD'
J}%L!.V9-8; 5m!]-<j�-8!L!(C&J�J}C4NE-8+*5mC8;�),W��}!(5m%(;4+}+,C -GF&CD56N !(CD;4�
),+*'.-<56;A56;A�@+*V %�-8jm5m�&; J�%(;4+�C<��+*V %�7 j:-8;A%()idR5m+*V}',%L),79%(!(+U+,C
+,VA%�~9C8®h�
nRV %�',%]-<N C&WA+�),v4),+*%(J�C8�U+,V %¢��MBSU� )@5m)�5mN %(;4+,5m!]-<jR+,C

+,V9-8+BC<��+,V %��oSU� )]3A',%()*W jm+,5m; ��56;�),5mJ}5mj:-8'�79%('u��C&'*JK-8;A!(%�5m;
¨]¦D¦ ¬ %L®b!L%(7 +R�yC&'gC&; %"C8��+*V %B+adg%(jmF&%���MBS�7Ajk-<; %()G34dRV 5m!.V
),Wt/­%('*%(N�-U~ '*C&#&%L;}dR5m',%R5mJ}J�%(N 5:-8+*%(jmv�-0��+,%('g5m; ),+$-8jmj:-8+*56CD;o�

� ��� �  #��� "����#��� �! " $&%'��� (
nRV %�7 ',CD7ECD',+*56CD;E-8j�dR5m',%�!$VE-<J�~E%('*)�H�SU¨�+,V '*C&W �DV¢H�SR¥
jmC4!]-8+*%(N 56; +*V % �b-87xC8��+,VA% J�-8�D; %(+ di%('*%�C&'*5m�&5m;E-8jmjmv
5m;4+,%(; NA%(N�+*C�V %Lj67 ',%L),C&jmFD%¢J�W jm+*567Aj6%�+,'$-8!$#4)K5m;�!G-8),%IC<�
V 5m�&V�J�WAj6+*5m7 jm56!L56+av"%(F&%L;b+*)]��c45m; !L%BjmC8d ~E-8!$#4�&'*C&W ; NA)�VE-GF&%
JK-<N %g+,V 5m)gW ; ; %(!L%(),)$-8',v43 +*V %(5m'�7 '*5mJK-8'*vU��W ;A!(+,5mC&;�5m)g; C8d

+*V %UJ}CDJ}%(;4+,WAJ�-8;9-8jmv4),5m)iC<��'*%(j:-8+,5mFD%(jmv�j6C8d�%(; %('*�&v}79-8'a�
+*5m!(jm%()]39�y',C&J +,V %�NA%(!]-Gv�C<�
	U� )R��CD'�%L®t-<J}7 jm%&��c45m; !(%�+,V %
H�SU� ) C&79%('$-8+,%�5m;�-�),+,'*C&; � JK-<�&; %L+,5m!��9%(jmN�-8;ANf',%L)a�
CDjmW +,5mC&; C<� ��¨hJ�J 5m) ),W �}!L56%L;b+G3}J�WAj6+*5���dR5m',% 7 '*C&79C&'a�
+*5mC&;E-<j !$VE-8J�~9%(',)gdR5m+,V�N 5m�&5m+.-<j ),5m; �Dj6%R~A56+u��79%('u��dR5m',%U'*%]-8N4�
CDW +|di%L',%R!$V C&)*%(;o�|nRV %RJ�-8�D; %(+oV9-8)�-"+.-879%('*%(N}79C&jm%g!(C&;4�
�9�&W '$-8+,5mCD;@+*VE-8+�5mJ�7 jm56%L)�-"N 5�/­%L',%(;4+g),5ml(%g��CD'�%]-8!$V�7E-<5m'�C8�
!$VE-<J�~E%L',)]��nRV %�-8!(+*5mF&%�-8'*%]-8)�C8��+,V %�+,V '*%(%�!$VE-8J�~9%('*)
�D5mF&%(;�5m;�n�-8~ jm%�¨B-<',%"N 5m!(+.-<+,%(N�~bv�+,VA%B),79%(!(+*',CDJ}%(+*%('B-8!$�
!L%(7 +.-<; !(%R+*C&�&%L+,V %('|dR5m+,V�JK-8�D; %(+*56!|N 5m)*7E%('*),5mC&;�-8+|-R; CDJ��
5m;E-<jE+*',5m�&�D%('R+,VA',%()*V C&jmN�79C&)*56+*',CD;K%L; %(',�Dv�C8��¥A� ©@z %LM@�
Q�-8!$V !$VE-8J�~9%('�!(C&;A),5m),+*)�C8�B+,VA',%(%�)*W ~ J�CbNAW jm%() � , �

-<; N ��34jk-<J}5m;E-<+,%(N�5m;b+*C@CD; %UJ}C4N W jm%RdR5m+,V�!(C&J�J}CD;��b-<)
FDC&jmW J�%&��Q�-8!$V�)*W ~ J�CbNAW jm%�!LC&; )*56)*+,)UC8�i-<;�-<; C4N %�7 j:-<; %
-<+��&'*C&W ;AN�79C&+,%L;b+*5:-8jR-8; NI+adgC¢!G-8+,VACbNA%}7 j:-8;A%()@dR5m+*V�-
!LC&J}J�C&;�;A%(�b-<+,5mF&%U[BM !LC&; ; %L!(+,5mC&;�W ;A5 �4W %U+*C@+*V 5m)R),W ~4�
J�C4N W jm%&3�+avb7A56!G-8jmjmv¢-8+ ¡ ª © £�M��|nRV %}N 5m)*+.-8;A!(%�~E%(+adg%(%(;
-<; C4N %B-8;AN�!]-8+*V C4N %B7 j:-<; %()�5m)�¤ ��£A�T£&¥|J�J -<; N�+,V %R!L%(;4�
+*%(',) C8�};A%(5m�&V4~ECDW ',5m; ��),W ~ J�C4N W jm%()¢-<',%�)*%(7E-<'.-8+*%(Nf~4v
¡ ¨hJ}J���nRV %��b-<)�J}5m®4+,WA',%�VE-<)�+,VA%}).-<J}%�!(C&;A),+,5m+*W %(;4+,)
-<)U+,V %�N ',5���+U!$VE-<J�~E%('"�b-<)]3h~ WA+�dR5m+*V¢7 '*C&79C&'*+,5mC&; ) � �B'a�
SR� O �uSR� P   © � ¥D£ � © ��C&7A+,5mJ}5ml(%(N���CD'�H�e�{�S CD7E%('$-8+*56CD;
� ),%(%�n�-<~ jm%@¨��(�
nRV %RJ}CD),+|N 5 �}!(W jm+�-8)*7E%L!(+iC<�­+*V %BH�S�N %()*5m�&;�dR-8)|+,V %

jm5mJ}5m+*%(N�),79-8!(%�5m; ),5mN %�+,V %�JK-<�&; %(+«��C&'�+*V %��y'.-8J�%()@-<; N
CD;4~EC4-8',N�%(jm%(!(+*',C&;A56!L)]�gnRV %U%(jm%(!(+*',C&;A56!L)�-8'*%UJ}C&WA;b+*%(N}CD;
+*V %���',CD;b+�-<; N�~E-<!.#«��-8!(%L)�C<�E+,VA%R!.V9-8J�~9%(',)�56;�+,VA%i~E-<',%(jmv
-<N %��4WE-<+,%g),7E-<!(%R~E%L+adi%(%L;�+,V %RJ�-8�&;A%(+o79C&jm%|��-<!(%B-8;AN�+,V %
)*7E%L!(+,'*C&J}%L+,%('�-8!(!(%L7 +.-<; !(%&��nRV 5m; � %(®45m~ jm%}7A',5m;4+,%(N !(5m'a�
!LW 5m+B�yC&5mjm)R!(C&; ;A%(!(+�+*V %@dR5m'*%���'$-8J�%()B+*CK+*V %�%(jm%(!(+,'*C&; 5m!()G�
nRVA%�'*%]-8NAC&W +g5m)R+,V %��h%GSg',C8v}{�SR�Uc��aM ),v4),+*%(J¢3D5m; !(jmW N4�
5m; ��-<;@CD;4��!$VE-<J�~E%L'�!G-8',N�NA%(),5m�&;�!(CD;4�E�&WA',%(N�),79%(!(5��E!]-<j6jmv
�yC&'g+,V 5m)B-87A7 jm56!G-8+,5mCD; � ¡ £ �,�|�a;�-8N NA56+*5mC&;}+*C�),5m�&;9-8jo-8J�7 jm5��
�9!]-8+*56CD;o3|+,VA%(),%�!]-<',N )�7 ',C8F45mN %�N 5m),!('*56J�5m;E-8+*56CD;¢-8;AN�N %$�
j:-Gv�-8)Udi%Lj6j�-<)Bj:-8+*!.VA56;A�}5m;�',%L),79C&; )*%}+,C�+,V %�%(FD%(;4+�+*',5m�8�
�D%(']�|nRVA%BV 5m�&V�)*7E%L%(N�),%L',5:-8j9',%]-<N C&WA+ � W 7�+,C ¡ £�H�~A56+ j8)��
�D',%]-<+,jmv�'*%(N W !(%L)i+*V %R!]-8~Aj65m; �U5m;�+,V %RFD%(',v�!(C&;t�E; %(N�)*7E-8!(%
C<� +,V %�J�-8�D; %(+9�b-87��hnRV %�J�C&),+9),%LF&%('*%i!(CD; ),+*'.-<56;4+�C&;�H�S
CD7E%L'.-8+*5mC&;�5m)�+*V %�5m;E-8!(!L%(),)*56~A56jm5m+av C8��+*V %}NA%(+,%(!L+,C&'*)K-<; N
+*V %�CD;4��~9Cb-<',N %(jm%(!(+*',CD; 5m!()���C&'�+,V %�%L;b+*5m',%�'*W ; ; 5m; �I79%$�
'*5mCbN��o�a+R5m)R; CD+R7ECD),),5m~ jm%U+,C�dgC&',#�C&;�+,VA%�NA%(+,%(!L+,C&'*)UN W 'a�
5m; ��',%(�DW j:-8'�J�C&;4+,V jmv@-<!(!(%()*),%()"~E%L!]-8W )*%U+,V %(v�-8'*%B~ W '*5m%(N
5m; )*5mN %@+*V %�JK-<�&; %L+]���";4��CD',+,WA;E-8+*%(jmvb3o-K��-8W jm+av�~E-<+,!$VIC8�
NA56)*!(',5mJ�56;9-8+,CD' j<jk-<+,!$V�!$V 5m7 )�+,CD�&%(+*V %('�dR5m+,V�-�jm%(),)u��+*VE-8;4�
CD7 +,5mJ�-8j|N %()*56�D;�C<�B+,V %�C&W +*7 W +�J}C&+*V %('*~EC4-8',NA)�W ),%LN�5m;
¨G¦&¦ © !L',%]-<+,%(N -�',%(jm5:-8~A56jm5m+av�7 ',CD~ jm%(J¢��nRV %���-<5mj6WA',%�C8�B-
)*5m; �&jm%}!$V 5m7 +,V9-8+}'*%]-8NA)�C&W +�CD; jmv ª�dR56'*%()}NA56)$-8~ jm%(N�-<)
J�-8;4v}-8)�¨G �!]-<',N )G3o!(CD','*%(),79C&; NA56;A�K+*C ¡&©  �dR5m'*%()]��nRV 5m)
7A',C4!(%()*)�5m;�!(C&J�~ 5m;E-<+,5mC&;�dR5m+*V�-��hC8d M�CDj6+$-8�D%BN 5m),+*',5m~ W4�
+*5mC&;}J�-8j���W ;A!(+,5mC&;�%LF&%(;4+,W9-8jmjmv}',%L),W jm+,%LN�5m;K+*V %U��-<5mj6WA',%UC8�
-"j:-8'*�&%g��'$-8!(+*5mC&;�C8�h+,V %UH�SI)*vb)*+,%(J 3&dR5m+*V@C8FD%('.-<j6jA+,'.-<!$#&�

¨(¤



5m; �B% �}!(5m%(; !(v�C<�EC&;Aj6vU¤ © ���h� ',%LN %(),5m�D; %(N�J}CD+,V %L',~9Cb-8'*N
%(jm5mJ}5m;E-<+,%(N�+,V 5m)g7 ',CD~ jm%(Jx��C&'U¨]¦D¦& "C&79%('$-8+,5mCD;o�|nRV %�H�S
),v4)*+,%(Jx+,V %(;�79%('a��CD',J�%(N�',%Lj65:-<~ jmv�dR5m+*V�+av47 5m!]-8jD%��}!(5m%(; !(v
79%('i7Ajk-<; %RC8��¦DªG�,¦&¦Q���oQ|jm%(!(+*',C&;A56!L)���-<5mj6WA',%()�5m;�+*V %�¨]¦D¦& G�
¦ ¬ ',W ; ;A56;A��7E%L',5mC4N}',%L),W jm+,%LNK5m;�+*V %BjmC&)*)�C8�oCD; jmv�£A� © � C<�
+,VA%�!$VE-<; ; %(jm) � ¥�C8�� &ªDª�!]-<',N )��(�
nRV %�FD%(',v"',%()*+,',5m!(+*%(N}-85m' � C8d 5m;U!(C&J�~ 5m;E-<+,5mC&;RdR5m+*V�+,V %

79C8di%('�N 5m),)*5679-8+,5mCD;BC8� ¡D© £�J}e 7E%('�!$VE-8; ;A%(j4JK-8#D%()9d`-<+,%('
!(C4C&jm5m; �}-�; %(!L%(),)*56+av4�@��jm%(®45m~ jm%�J}%L+.-8jmjm5m!R�E;A�&%('*)�!(C&;4+$-8!(+
+,VA%�+,C&7A)�C<�`+*V %}c H�� !.VA567A)@-8; N !(CD; N W !(+�+,V %�V %G-8+U+,C
dR-8+,%L'a�a!(C4C&jm%(N�7 j:-<+,%()�~9%(+adi%L%(;�+*V % !]-8'*N )]�xnRV % d`-<+,%('
),v4)*+,%(J C&79%('.-<+,%()@-<+�-�7 '*%(),)*W ',%�jm%()*)�+*VE-8;I-8+*J}CD),7 V %L',5m!
+,C�%Lj65mJ�56;9-8+,%R+*V %UNE-8;A�&%('RC<��jm%]-<#4)]�
nRV %�!(CD;b+*',5m~ W +*5mC&;I+,C�+,V %�),79%(!(+,'*C&J�%(+,%('�J}CDJ}%(;4+*W J

',%L),C&jmW +*5mC&;���CD'`¨G£ z %(M�79C&)*56+*',CD; )i~4v@SgCDW jmC&J�~UJ�W jm+,5m7 jm%
),!G-8+,+*%(',5m; � 5m;¢+*V %}J�-8�D; %(+U!$VE-8J�~9%(',)�-<; N�-85m'�~9%(+adg%(%(;
�oS ¡ -<; N�_`SU¨kj ¡ 5m) h�� ��� 	 £A�6¨ © J�'.-8N�� � �y�o+*V %B-85m'|di%L',%
',%L7 j:-8!(%(N ~4v�V %(jm5mW J 3i5m+�diCDW jmN ~9% N %(!('*%]-8)*%(Nf+*C £ �m¨D¨
J}'$-8No�4��nRV4W )"+,V %�'$-8+*56C�C<� h�� ��� +,C�+*V %@J�-8�D; %(+gN % � %(!^�
+,5mCD;�-<; �&jm%�5m)"%��4WE-8j�+,CK£A�T£&£ ¡ ¤E345m; N %L7E%(;AN %(;4+UC8��%(; %('*�&v4�
nRV 5m)R5m)R),J�-8jmj !(CDJ}7E-<',%(N�+,C�C&+*V %('"!(C&;4+,'*5m~ W +,5mCD; )]�

� � � �	� � ���#$ � � �
Q|'*',C&'*)}5m; +,V %�',%(j:-8+*5mF&%�-8jm5m�&; J�%(;4+�C8��+*V %�F&-8',5mCDW )�%(jm%$�
J}%L;b+*)BC<�`+*V %@+*'.-<!.#45m; ��),v4),+*%(J�-8',%�-8; 5mJ}79C&'*+.-8;4+R!(CD;4�
+,'*5m~ W +,5mCD;�+,CU+,VA%i'*%(),CDj6WA+,5mC&;�5m;�',%(!LC&; )*+,',WA!(+,%(N�#45m; %(J�-8+,5m!
�4WE-8;4+*56+*5m%()]�gnRV %�5m; 5m+,5:-8jh-8jm5m�&; J�%(;4+iNAW ',5m; ��N %L+,%(!(+*C&'�5m;4�
),+$-8jmj:-8+*56CD;¢dR-8)�N C&; %�WA),5m; ��!(CD;4F&%(;4+,5mCD;E-8j�CD7 +,5m!]-<j�+,%L!.Vt�
; 5 �4W %()G38~ W +|N 5 �}!(W jm+*56%L)�dR5m+*V@CD7 +,5m!]-<jt-<!(!(%()*)�+,CU+*V %R!(C&J��
79C&; %(;4+*)�jm56J�5m+,%(N�+*V %R%(®479%(!(+,%LNK-8!L!(W '.-<!(v�C8�h+,VA56)|7 '*C4!(%(),)
+,C}-���%(d V4W ; N '*%(N¢J�5m!(',CDJ}%(+*%(',)g5m;K®�-<; N�vb39-8; N�C8��CD'a�
N %('�¨"J}J 5m;}lD�|�a+Rd`-<)`-<j6dR-Gv4)�%(®479%(!(+,%LN¢+*VE-8+g+,V %U'*%(j:-G�
+,5mFD%iN %L+,%(!(+*C&'R-8jm5m�&; J�%(;4+hdiCDW jmN@V9-GF&%g+,CU~E%R5mJ�7 ',C8FD%(N�5m;
+,VA%RNE-8+$-�-<;E-8jmv4),5m)�+,V '*C&W �DV@+*V %R),+*W N v�C8�E+*'.-8!$#�',%()*5mN WE-8jm)
dR5m+,V�+*V %g),79%(!(+,'*C&J�%(+,%('|J�-8�&;A%(+h+,W '*; %(N�C8/��onRVA56)�7 ',C4!(%^�
N W '*%idR-8)�',%$�9; %(N�C8F&%('�+,V %��E',)*+|+,V '*%(%ivD%]-8'*)|C8� C&79%('.-<+,5mC&;
+,C�+,V %�7ECD56;4+R+*VE-8+"N ',5���+R!$VE-<J�~E%('B-<jm56�D; J}%L;b+g%('*',C&'*)�-8',%
; C�jmCD; �&%('g-UJK-(�^C&'|!(C&;4+*',5m~ W +*56CD;�+,C�+*'.-<!.#45m; ��'*%(),CDjmW +,5mC&;
� ¡ ¨��,�

�������	� 
 !�) 
(����
 ��� �"# 
 ������� ) � 
(#

�a+|d`-<)|!(C&; )*5mN %(',%LN}%()*),%(;4+,5:-<jE+*C�V9-GF&%R-BJ�%]-8;A)o+,C�!(C&;4+,5m;4�
W CDW ),jmv�J}C&;A56+*C&'�+,V %"',%(j:-8+*5mF&%B-8jm5m�&;AJ}%(;4+oC<�o+,V %"+,'$-8!$#456;A�
N %(+*%(!(+*C&',)���C&'�+adgC�'*%]-8)*C&; )G�f��56'*),+G3B+*V %�N %(+*%(!(+*C&',) -8',%
J}CDW ;4+,%(N�C&;�- !LC&J}7Aj6%L®I),W 7 79C&'*+})*vb)*+,%(J�+*VE-8+�5m)�; C&+
),5mJ�7 jmvI56;4+*%(',!(CD; ; %(!L+,%(N )*C�+,V9-8+}5m+*)}',%L),79C&; )*%I+,C�+*%(J��
79%('.-<+,W '*%�!$VE-<; �&%L)`-<; N}�D'.-8NA56%L;b+*)�5m)iNA5 �}!LW jm+�+*C@7A',%(N 5m!(+G�
�Bjm)*CE38+*V %��y',C&;4+|N %(+*%(!(+*C&',)R-8'*%i)*W 7 79C&'*+,%(N�W jm+,5mJK-<+,%(jmvRF45:-
+,VA%¢)*7E%(!L+,',CDJ}%(+*%('�JK-<�&; %(+��9%(jmN�!(j:-<J}7o3�dRV 5m!.V�J}5m�&V4+

24.5 mm
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