
� �������	��

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

+�,.-�/1032547698:/1;=<>8>?A@CBEDGF)H:<>IKJ�/L0KMN<O6P47Q	,.0K0K<SR:<S0T?U@WV /YX)MNZ[254]\^,.JK<S0T?U@CB_D
F)H`/L0KaN<cb3d	4*egf�,ih`jkMl?nmPogR�MEprq�Zis
V�,.q�a_/�?nmt/10�Zvu1,.R:<SIKJwu�4yxz/1hY{|/18�a_/10K<SD

}`~|���1�����)�������3�������N�l�)�`�P~|���1�����)�������`�t�����P���)�L�k�
� �����N�c� �����g���)���1���l�� ��1�¡~T¢c�l�c £¢`�`�`�9¤¥��¦1�N�§�� ��©¨=ª¬«.­�®¯���

°�±²�1���
���]³��`�§�:�1��¢`�¬ªc ��c�����´�)�C�`�¶µ· ���¸1�c���c���´¹¥�
ºt»t�c�¼�1���1���`�r½5�c���1��¾§��»�¿À���K®¯�)Á

ÂzÃ'ÄYÅ�ÆLÇ£È�Å
É'ÊkË�ÌUÍ§ÎkÏ)Ð�Ê5Ñ§ÒÓÊkÔAÕ¯Ê�Ö�×CØKË�Ð�ÙCÚ�Í§ÌÛÖ�Ú
Ë�×CÑ¯Ì¼Î�Ù
ÔAÑ¯Ï�Ü1Ö�Ú�Í�Ý5ÙCË�ÌAË�×
Ð�Ñ§ØKË�×rÞ`ßÓà1áYâiã§ä�áYåKæ^çOçéèTÊ)Í§×7Ø)Ú
Ñcê.ÔUë�Ë�ëWÍ²ÊkÑ¯×CÙ7Ñ§Ò

Ï�Ë`ìí×
Ø�Ë�Ð�ÙCÚ�Í§Ì·ÌUÔUÏ�Ë ëkÔ¼ÍYÕ¯Ï�Ñ¯×CÙ
ÔUÐ`×rÒNÑ§ÚîÙ
ÊkË�Í§×CÙCÚ
Ñ§Ø)ÊLÝ.×
ÔUÐ`×�Ð�Ñ¯ï9ïgÎkÏkÔUÙ�Ý§ð�ñ�ÏòÙ
ÊkÔ¼×¡Ø)ÍYØKË`Ú�ì7Ë5ëkÔU×
Ð`Îk×�×ró�Ñ§Ø)Ø)ÌAË`ÚCÖ
ô Ú
Ñ¯Í§ëkË�Ï�Ë�ëPË�ï9ÔU×�×
ÔAÑ¯ÏtÌUÔUÏ�Ë¡ØkÚ�Ñ§õ)ÌAË�×yÒNÚ
Ñ¯ïöÊkÔAÕ¯ÊkÌUÝ5×
Î�ØKË`Ú�×
Ñ¯ÏkÔUÐ�Ñ¯Î�ÙC÷kÑcì�×*Ñ§Ò�ï9Í§×
×
ÔAê§Ë�×
Ù
ÍYÚ�×`ð	É'ÊkË�×CËrÑ¯Î�ÙC÷kÑSì�×`å
Ñ§ÚGì�Ô¼Ïkëk×`å�ÍYÚ�Ëøë�Ú�ÔAê§Ë�Ï ô Ý[Ú�Í§ë)ÔUÍYÙ
ÔAÑ¯Ï3ØkÚ
Ë�×
×�Î�Ú
ËòÍ§ÏkëùÐ`ÍYÚ
Ú
ÝúÍ©ÙCÚ
Ë�ï Ë�Ï)ë�Ñ¯Îk×PÍ§ï Ñ¯ÎkÏLÙPÑ§Ògû1ÔUÏkË`Ù
ÔUÐ=Ë�ÏkË`Ú
Õ§Ý§å
ì�ÊkÔ¼Ð�ÊPÐ`Í§Ï ô Ë�Ð�Ñ¯ÏLê§Ë`Ú
ÙCË�ëOÙCÑ ÜWÚ�Í�Ý.× ô ÝW×
ÊkÑ1Ð�û�Ö�Ê�Ë�ÍYÙ
Ô¼Ï�Õ9Ë`ê§Ë�Ï=Í�×
ï9Í§ÌUÌKÒNÚ�Í§Ð�Ù
ÔAÑ¯ÏPÑ§ÒTÙ
Ê�Ërì�ÔUÏkëtØ)ÌUÍ§×�ï9Í.ð·É'Ê�Ë
ÎkÏk×�Ê�Ñ1Ð�û§Ë�ë�å.Ð�Ñ¯ÌUëWì�ÔUÏkë9Ô¼×7Íg×CÑ¯Î�Ú�Ð�Ë^Ñ§ÒÓÐ�Ñ¯ÏLÙ
ÔUÏ1ÎkÎkïíÑ§Ø)Í§Ð`ÔAÙ�Ý5ÙCÑ�Ù
Ê�Ë�Ü5Ú�Í�Ý.×]Õ§Ë�Ï�Ë`Ú�ÍYÙCË�ëPÔUÏ�Ù
Ê�Ë^×�Ê�Ñ1Ð�û�Ö�ÊkË�ÍYÙCË�ë
ØKÑ§Ú
Ù
ÔAÑ¯Ï©Ñ§Ò¡Ù
Ê�ËGì�ÔUÏkë�ðüÉ'Ê1Îk× Ù
Ê�Ë=Ë�ï Ë`Ú
Õ§Ë�ÏLÙ5ÌUÔUÏkËWØ)Ú
Ñ§õ)ÌAË�× ÍYÚ
ËOÍ>ý�Ë�Ð�ÙCË�ë ô Ý©ÙCÚ�Í§Ï)×CØKÑ§Ú
Ù Ù
Ê�Ú
Ñ¯Î�Õ¯ÊþÍòÙ�ì]ÑYÖ
Ð�Ñ¯ï ØKÑ¯Ï�Ë�ÏLÙ`å*ï Ñcê.ÔUÏ�Õ�å]Ñ§ØkÙ
ÔUÐ`Í§ÌUÌUÝ%Ù
ÊkÔUÐ�û¬ï9Ë�ëkÔUÎkïPðüÿúÊkÔUÌUËtÐ�Ñ¯ï9Ø)ÌUÔUÐ`ÍYÙCË�ë�å]Ù
Ê�Ë=Ô¼Ï�ÙCË`Ú�Í§Ð�Ù
ÔUÑ¯Ïk×9Í§ï Ñ¯Ï�Õ%Ù
Ê�Ë�×CË
Ø)ÊLÝ1×�ÔUÐ`Í§Ì·Ë�ýKË�Ð�Ù
× Ð`Í§Ï¬ØkÚ
Ñcê.ÔUë�Ë��LÎ)Í§Ï�Ù
ÔAÙ
ÍYÙ
ÔUê§ËWÔUÏkÒEÑ§Ú�ï�ÍYÙ
ÔAÑ¯Ï%Í ô Ñ¯Î�Ù²Ù
Ê�ËW×
Ø)ÍYÙ
ÔUÍ§Ì]ëkÔU×CÙCÚ�Ô ô Î�Ù
ÔAÑ¯ÏòÍ§Ïkëzê§Ë�ÌAÑ.Ð`ÔAÙ�Ý
Ñ§Ò*Ù
Ê�Ë Ü1Ö�Ú�ÍcÝ�Ö�Ë�ï9ÔUÙCÙ
ÔUÏ�ÕOÍ§Ï)ë%Í ô ×CÑ§Ú ô ÔUÏ�ÕPØ)Ì¼Í§×
ï9ÍPÔUÏz×CÙCË�ÌUÌUÍYÚ�ì�ÔUÏkëk×`ð5ÿòË�ØkÚ�Ë�×CË�Ï�Ù��LÎ)Í§Ï�Ù
ÔAÙ
ÍYÙ
ÔUê§Ë5ï Ñ.ë�Ë�ÌU×rÑ§Ò
ô Ñ§Ù
Ê=Í5×CØ)Ê�Ë`Ú�Ô¼Ð`Í§ÌUÌAÝLÖ�×CÝ1ï�ï Ë`ÙCÚ�ÔUÐ^ì�ÔUÏ)ëGÍ§Ïkë=Í�ì�ÔUÏkëGì�ÔAÙ
ÊGÊ�Ñ§Ù�Ø)ÌUÍ§×
ï�Í9Ð�Ñ¯Ï�õ)Ï�Ë�ëOÔUÏ=Í§ÏOË��1ÎkÍYÙCÑ§Ú�ÔUÍ§ÌÓëkÔU×Cû ô Ý
Í9ëkÔUØ�Ñ¯ÌUË^ï9ÍYÕ¯ÏkË`Ù
ÔUÐrõkË�ÌUë|ð

�



��� �	��

����������
������

�²a¼H�8:/§X)ME,.aN<cH9R:I�<>hSH:8�/¬,Lp²e /10KZ���R�H`/L8:R���f�MEH�J[aNqK;=MN0�,.R:M¼H�MN<SR qKI[H:,��! �#"%$�&(' /L0KZúR:q�8�p�/1hS<
H�<S;OI�<>8:/LH�q�8:<>R*),+.-¬Q '0/ R:JK,§f H�J�<�R:M21.0�/LH:qK8:<SRW,1p�8:/1IKMEZKaEb¥<�3�IK/10KZKME041¬f�MN0�ZKR>?]f�M¼H�JþX.<>aE,ihSMEH:MN<>R
,.0¬H:JK<t,.8�ZK<>8g,1p�/Op�<Sf �#"%"5" j); R�6�@c?£ZK<S0KR:M¼H�ME<>Rg,Lp�,18:ZK<S8 �#" @87îh>;96)mY?£/10KZü;O/1R:R
sCaN,1R:Rg8:/LH�<SR�qKI©H:,
�#" 6;: x ' bi8 6�@ 4^QrJK<SR:<tR�H`/18�Rg/L8:<9ZK<SH:<>hcH�<>ZzH�,�JK/§X1<5R�,1p�H�s<3ksC8�/YbøaEqK;OME0K,.R�MEH�ME<>R�,1p ��" 6>= H:MN;=<>RrH�J�<>MN8
H�,LH`/1a?��-�,.aN,1;O<cH�8:MEh / aNq�;OME0K,.R:M¼H�ME<>R>4 @?@ 0Ph>,),.aN<S8]R�H�/18:RS?�aNMEj1<�H:JK<�Fiq�0T?A3W8�/Yb)R'/18:<¡I�8:,)ZKqKh><SZPMN0thS,.8:,10�/1<1?
f�JKMEh`Jz/L8:<�JKM21.JislH�<>;=I�<>8�/�H�qK8�<g8:<B1.MN,10KR¡0K<>/18¡H�JK< R�qK8�p�/Lh>< ,1p·H�J�< R�H`/L8>?�/10�Z¶H�JK<SMN8C3ksC8:/Yb¶aNME0K<²f�MEZ�H�J�R
/18�<²IK8�MN;O/18:MEaEb�MN0�ZKMNh>/LH�M¼X.<�,1p£H:JK<>8�;�/La�-K8:,�/LZK<>0KME041K4yQrJ�<²aEMN0K<rf�MNZiH�JKR�,.-KR�<>8�X1<>Z¶ME0D3ks�8�/YbGR:I�<>hcH�8�/5,1p
JK,1H�R�H`/18�R>?�JK,§f�<SX1<>8>?|IK8�,§XiMEZK<9<SX)MNZ�<>0KhS<9H:J�/LHrH:JK< <>;=MNR�R:MN,10ò,.8:M21.MN0�/�H�<>R�MN0ø<E3)H:<>0KZK<SZT?|JKMF11Jis�X1<>aN,)h>M¼HCb
f�MN0�ZKR>4nD
QrJK< �7���1 �¦1���HG*IC���1¹KJHLc�§�c��¸��1�
����¹ J�/LR]H�JK<^R:I�<>hSH:8�/1ai8:<SR:,.aEq�H�ME,.05H:,�8:<SR:,.a¼X.<rV�,.I�IKaN<S8�sC-�8:,�/1Z�<>0K<SZ

aNME0K<>R'p�8:,1;�J�,1H¡R�H`/18�R>?�I�8:,§X)MNZKME041�Mkq�/10�H:MEH`/�H�MEX1<gME0�p�,.8:;O/LH:MN,.0=/1-�,.q�H�H�JK<
1.<>,.;=<SH:8�bO/10KZ�j)ME0K<>;O/LH:MNh>R
,1p²H�JK<òf�MN0�Z /10KZéIKq�H�H�ME041¥MN;=IÓ,.8�H`/10�HGhS,.0KR�H:8�/1ME0�H�RG,.0éIKJ�biR�MNh>/1a²;=,)ZK<>aERtH�J�/LH=;O/Ybù<E3iIKaN/1MN0ùH�J�<
,.-KR�<>8�X.<>ZN338�/Yb)R>4 �7���1 �¦1��� qKR:<SRP/¬R:<cHG,1prhS,.0Kh><S0�H�8:MEhòI�/18:/1-Ó,1aNMNh=/10�ZúJ�biI�<>8�-Ó,1aNMNhO;OME8:8�,.8:R9f�MEH:J
/10ü<EO£<ShSH�M¼X.<=/18�<Y/¶,1p�/1-�,.q�H ��" hS;OD H�,¶p�,)h>q�R�3©8:/§b)R9,.0üM¼H�R�ME0KR�H:8:qK;=<>0�H I�/Lh`jL/A1.<145QrJK<=xz<>Z�MNqK;
P*0K<>8Q11bSR 8�/LH:MN041��lxTPUR / IK8:,§X)MNZ�<>R�/¶8:<SR:,.aEq�H�ME,.0©,1pWVKXS "ZY["]\ -_^oÀp�8:,1; "ZYa` H�,cb Y[" jL<Bde�<- � H:,
\>Y b ^o / 4

����� fhgHiKjk������l�mnmZo�p	f4o�qrqsjt
������_uv�	�K�wqx����jkmUf

og0O,.I�H:MNhY/LaNaEb�slH�JKME0T?.R:I�JK<>8�MNhY/LaNaEb�s�<E3iI�/10KZ�MN041K?53ksC8:/Ybks�<>;=MEH�H�MN0Z1�I�a_/1R�;�/9IK8:,)ZKqKhS<>R�R�b);O;=<SH:8:MEh²aEMN0K<
IK8�,%y�aN<SR9h><>0�H:<>8:<SZù,.0¥H�JK<=8:<SR�H�f¡/YX.<SaN<S0411H�J�RW,1p�H�JK<=aNME0K<>R�f�M¼H�J[/%R�J�/1I�<OZK<cH�<S8:;=MN0K<SZ[<S0kH:MN8�<>aEb©-kb
H�J�<WX.<SaN,)h>MEHCbz/10�Z©<>;=MNR�R:MEX)M¼HCbøR�H�8�qKhSH:qK8:<P,Lp*H�JK<5IKa_/1R�;�/i4²Q¡f�,ò<BOÓ<>hcH�R hY/L0©h`J�/10411<tH�JK<5R�b);O;=<SH:8�b
,1p�H�JK<GaEMN0K<L4tQrJK<=R�H`/L8�M¼H�R�<>aEp�,)h>hSqKaEH:R I�/18�H�,1p�H�J�<=I�a_/1R�;�/�?Tf�J�MNaN<Wh>,.aEZþhS,.;=IÓ,.0�<>0�H�R9,1p�H�JK<Pf�ME0KZ
/1-KR�,.8:-93ø8:/§b)RS?�;=<Y/L0KMN041PI�JK,1H�,10KRrH�8�/YX1<>aNME041=/1aN,1041GaN,.0411<>8¡aEMN0K<SRr,1p]R�MF1.J�Hî,.8¡H:JK8:,.qZ1.Jz;=,.8�< ZK<>0KR�<
f�MN0�Zé8�<�1.ME,.0KRtf�MEaNa^-�<òaN<SR:RGaNMEj1<SaEbþH�,ü8:<>/1h`JvH�JK<ø,.-KR�<>8�X.<>8S4 @ 0(/©8:/1ZKM_/LaNaEbþ<�3�IK/10KZKME041üf�MN0KZT?'H�J�<
,.-KR�<>8�X.<>8WR:<><SRt-KaEqK<cs�R:JKM¼p�H�<>Z[<>;=MNR�R:MN,10þp�8�,.; H�JK<�/1IKIK8�,�/1h`JKME041¬;O/LH:<>8:MN/1ay,.0þH�JK<O0K<Y/L8WR:MEZK<=,1p¡H�J�<
f�MN0�Zø/10KZò8:<SZisCR�JKMEp�H:<>Zò<S;OMER:R:ME,.0Op�8�,.; H�JK<�8�<>hS<>ZKME041G;�/LH:<>8�M_/1a|,.0¶H:JK<gp�/18�R:MNZ�<14*QrJkqKRî/10ò,.I�H:MNh>/1aNa¼b
H�J�MNh`jøf�MN0KZ©JK/1RgH�J�<t<BOÓ<>hcH9,1p'8:<S;O,§X)MN041�IKJK,1H:,.0KRgp�8�,.; H�JK<t8�<>ZüR�MNZK<t,Lp*H�JK<tI�8:,%y�aE<1?ÓR:JKM¼p�H�MN0Z1OH�J�<
aNME0K<�hS<>0�H�<S8²-KaEqK<Sf^/18�Z¬/10�Z¬/1a¼H�<S8:MN0Z1tH�JK<9R:JK/1IÓ<9,1p	H�J�<�aEMN0K<L4
egf^,)h`jkM	/10KZü\^,1JK<>0KmgJ�/YX.<W0kqK;=<>8�MNh>/1aNa¼b¶MN0�H:<�1.8:/LH�<SZ¬/=R:IKJK<S8:MEhY/1aEaEb�sCR�bi;=;=<SH�8�MNhgf�ME0KZ¬;=,)ZK<>aTH:,

\



ZK<cH�<>8�;OME0K<tH�J�<=R�J�/1I�<O,Lp^aEMN0K<tI�8:,%y�aE<>R9IK8�,iZKq�h><>ZþMN0þ/¶f�MN0�Z[h`J�/L8�/1hcH�<>8�MFzS<>Zþ-kbüp�,1qK8 I�/18:/1;O<cH�<S8:R>4
QrJK<Wf�ME0KZ¬X1<>aN,)h>M¼HCb%/LH /OZKMNR�H`/10KhS<�{Gp�8:,.; H:JK<thS<>0�H�<S8�,1pyH:JK<tR�H�/18gMERg/LR:R:q�;O<SZ©H�,¶-�<W,1p]H�JK<Wp�,18:;
| �8{ /  |A} � �n~������ { /�� �´/��Q�zX1<>aE,ihSMEHCbGa_/YfH� / ?.f�JK<>8�< ��� MNR*H�J�<²R�H�<>aEa_/18*8:/1ZKMEqKR>? |A} MNR*H:JK<îH:<>8�;OME0�/1a
X.<SaN,)h>M¼HCbW,1p|H:JK<^f�MN0�Zc��ZK<cH�<>8�;OME0K<>Ztp�8�,.;�qKaEH:8�/YX)MN,.aE<SH7R:I�<>hSH:8�/ / ?)/10KZ��%MNRy/gp�8�<><rI�/L8�/1;=<SH:<>8y,1p|,18:ZK<S8
qK0KM¼HCb.4*R MEX1<>0ü/¶hS,.0KR�H�/10�H ;O/1R:R
sCaN,1R:Rg8:/LH�<L?£H�J�<tZK<>0�R:MEHCb¬/LH�/10�b©I�,.MN0�H�ME0©/¶R�;O,),1H�J�aEb�sC<�3�IK/10KZKME041K?
R:I�JK<>8�MNhY/LaNaEb�s�R�b);O;=<SH:8:MEh²f�MN0�ZòhY/10%-Ó< Z�<SH�<S8:;=MN0K<SZ¶p�8:,.;�H�JK<�X1<>aE,ihSMEHCb¶aN/Yf94*QrJK<9<>;=MNR:R�MEX)MEHCbO,1p·H�J�<
f�MN0�ZzMER�H�/1j1<S0zH:,O-�<�zS<>8�,O-�<>aE,¯f R:,.;=<98�/1Z�MNqKR � 7 ?�/10KZøH�,Gp�/1aEaT,%O¥aNMEj1<��ÓD	{�6;�î/1-�,§X.<9H�J�/LH>?Kf�JK<>8�<
�(MER5H:JK<�ZK<S0KR:M¼HCb3,Lp¡H�JK<Of�MN0KZù/L0KZN�%MNR5/zp�8:<S<�I�/18:/1;=<SH�<S8>4%QrJK<¶,.IiH�MNh>/1a'ZK<>IiH�Jù,1prH:JK<Of�ME0KZúMNR
h`J�/18:/1hSH:<>8�MFz><SZ(-�bùH�J�<zI�/L8�/1;=<SH:<>8�� � ?�f�JKMEh`J(MNRGZK<Ey�0K<SZ R:,¥H�J�/�HY?^ME0é/þhS,.0KR�H�/10�HOX1<>aE,ihSMEHCbúf�ME0KZ
�8�N " ? |  |A} / ??� � MNRîH�JK<W8�/1ZKMN/1a·,.I�H:MNhY/La7ZK<SI�H�Jþ/LH²H�JK<WR:qK8�p�/1h><t,Lp*H�JK<tR�H`/18�/10KZ©H�J�<t8�/1Z�MNqKR²,1p
,.I�H:MNh>/1a|ZK<>I�H:JòqK0KM¼HCb�MERC{�� ��� @  x� �	��� 4yQrJ�<�I�/18:/1;O<cH�<S8:RW�'?>�i? � 7 ?i/10KZ�� � ,%O£<S8^<S0K,.q41.J���<E3iMN-�MNaNM¼HCb
H�,øh`J�/L8�/1hcH�<>8�MFzS<O/¶XL/18�MN<SHCb¬,1p�IKJ�biR�MNh>/1a*;O,)ZK<SaNR>?£MN0KhSaNqKZKME041¶hS,.8:,.0K/1ay;=,iZK<SaNRK��-kb©R:<SH�H�ME041��ò/10KZ��
H�,GJKM21.JòXL/1aNqK<SR�/10KZ � 7  ����/ 4
ogaEayaNME0K<>R9IK8�,iZ�qKh><SZ3MN0[/10þ<E3)H�<S0KZK<SZúf�MN0KZþ,1p^H:JKMNR p�,.8�; f�MNaEay-Ó<=R:jL<Sf�<>ZúH:,%H:JK<O-�aNqK<GR:MEZK<=,1p

aNME0K<rh><S0�H�<>8�-�bPH�JK<î8:<S;O,§XL/1a�,1pÓIKJK,LH�,.0KR'p�8:,1;ÀH�JK<î8:<SZO<SZ41.<î,1p£H:JK<�IK8:,Ay�aN<L4 �7���1 �¦1��� ,.-KR�<>8�XL/LH:MN,.0�R
,1p²H�JK<%R�H�/18��[d*qKIKIKMERQ�ò8�<SX.<>/1aî-K8:,�/LZwaEMN0K<SRGf�M¼H�Jw/þR�MF1.0�M2y�h>/10�HO-�aNqK<cf¡/18�Z(R�j1<Sf9?�R�q4151.<SR�H�ME041[/10
<E3)H:<>0KZK<SZT?�R:IKJK<S8:MEhY/1aTf�ME0KZø;O,)ZK<>a£;�/Yb¶-�<�/1-KaE<�H�,G<E3iIKaN/1MN0òH�J�<�R�J�/1I�<9,1p7H:JK<9IK8:,Ay�aN<SR>4
d*8:<SaNMN;=MN0K/18�b%f^,18:jü,.0SyKH:H:MN041øH�JK<�egf^,)h`jkM^/L0KZù\^,.J�<>03;=,)ZK<>ayH:,¬aNME0K<>R9ME0��¬d'q�IKIKMNR�R:qZ151.<>R�H

H�JK/LH�1.,),)Z�yKH:R�;�/Yb%-�<W,.-�H�/1MN0�<>Zzf�M¼H�J©I�Jkb)R�MNhY/LaNaEb%8�<Y/1R�,.0�/1-KaE<WI�/L8�/1;=<SH:<>8:RS4�{]M21.qK8�< � ��/ / R�JK,§f�R
H�J�< �7���1 �¦1��� xTPUR,��R:qK;�,1pn� � ?K/L0KZ ~�� ,18:ZK<S8 / R�IÓ<ShSH�8�qK; ,1p�H:JK< ��\;Y2� - ^o��î<�� & b);O/109�3aEMN0K<
,1p���d*qKIKI�MNRî/1aN,1041tf�MEH:JøH:JK<9-Ó<SR�H�s�yKHîaNME0K<�IK8�,%y�aE<14
egH�JK<S89JK,1H9R�H�/18:RS?7J�,¯f�<SX1<>8S?yR:JK,§f ;WqKh`J[;=,.8�<PR�b);O;=<SH:8:MEhPIK8:,%yKaN<>RS4={]MF1.q�8:< � ��- / R:J�,¯f�R9H�J�<

R�/L;O<��î<c� aNME0K<ò,1p
  @ e�8:MN,10KMNRG\�/1aN,1041©f�MEH:JvH:JK<ø;O,)ZK<Sa�H�JK/LHDyKHPH�JK<øaEMN0K<¶ME0¡�[d*qKIKI�MNR>4¡�î,
R:I�JK<>8�MNhY/LaNaEb�s�R�b);O;=<SH:8:MEh�f�MN0�ZO;=,iZ�<>a�H:J�/LH'MN0�h>aNq�ZK<>R�/1-KR�,.8:IiH�MN,10=h>/10DyKH'H�JK<�8:<Sa_/LH:MEX1<>aEb50�/18�8:,§f /L0KZ
R�b);=;O<cH�8�MNh aNME0K<gp�8�,.;�H:JKMNR�R�H�/18>4

���B��� q¢����jkm��	�9£¤�����Dp	f4g�iKjk������l�m�mZo�p	fZoDqrqsjk

�����¥uv�	�K��f

o IK8�,.;=MNR:ME041ü/1a¼H�<S8:0�/LH:MEX1<�H�,¥R:I�JK<>8�MNhY/LaNaEb�s�R�b);O;=<SH:8:MEhO;=,iZ�<>aNRWMNRtH�J�<%x¬/%1.0K<cH�MEhY/1aEaEb3\^,.0Zy�0�<>Z
¦ MN0�Z¬F)JK,ih`j��lx©\C¦ F / ;=,iZK<SaTMN0¶f�J�MNh`Jz/GR�H�8�,.041T��j>R / ?Ka_/L8§1.<�sCR:h>/1aN<gZKMNI�,.aN<g;�/%110K<SH:MNh�y�<SaNZø,.8�MF1Ls
MN0K/LH�<SRWp�8:,.; H�JK<òR�H`/18B¨ RPR�qK8�p�/Lh><ø/10KZvZKME8:<ShSH�RtH:JK<òR�H:<>aEa_/185,.q�H§�K,¯f94[QrJKMNR©yK<>aNZvZKME8:<ShSH�R5H�JK<¶f�ME0KZ
H�,§f^/18:Z=H�JK<î;O/%1.0K<cH�MNh�<BM)qK/LH�,.8S?)f�J�<>8:<���,§f�R�p�8�,.; ,.IKI�,.R�MEH�<�JK<S;OMER:IKJ�<>8:<SR�hS,.aNaEMNZK<L?�hY/1q�R:MN0Z15R�H�8:,1041

-



R:J�,ih`jkR¶/L0KZ(JK<>/LH�ME041üH�JK<øf�MN0�ZwIKaN/1R:;O/©H�,�)eª �#" = 6G4*QrJ�MNRPH�JK<S,.8�b1?¡,.8�MF1.ME0�/1aNa¼bþIK8:,.I�,.R�<>Zé-kb
�¡/1-�<>aT/10KZzxz,.0�H�;=<>8�aN<B:Y?Ka_/�H�<>a¼b=J�/1Rt1�/1ME0K<>ZòhSqK8:8�<>0KhcbøZKqK<�H:,GH:JK< ZKME8:<>hcHrZK<cH�<>hcH�ME,.0ø,1p7/10 �5�#"5" R
y�<SaNZþ,.0« �@9e�8�MN,.0KMER�\ $ /10�ZþH:JK<GZK<SH�/1MNaE<>Z¥;�/A1.0K<SH:,.J�b)ZK8:,)Z�b)0�/1;=MNhG;=,iZK<SaNME041¶-�b¥qKZisCV�,.qKa_/ò/L0KZ
egf^,)h`jkMl4[=
ogRG/L0éME0KMEH:M_/1a'<�3�I�aN,.8:/LH�ME,.0ù,1p�H�JKMERP;O,)ZK<Sal?yf�<%JK/§X1<ø0)q�;O<S8:MNh>/1aNa¼b3R�b)0kH:JK<>R�MFzS<>Z(<S;OMER:R�MN,.0ùaEMN0K<

IK8�,%y�aN<SR^,1p·<BMkq�/LH�,18:M_/La�3ksC8:/Ybks�<>;=MEH�H�MN0Z1��K,¯f�RS4 @ 0�yh1.qK8�< \ f�<�R:JK,§f H�J�<�8:<SR:qKa¼H�R¡,1p�/WR:ME;OIKaE<²;=,)ZK<>a
-�/1R�<>Z©,10©/O8:/1ZKMN/1aNa¼b�ZKME8:<ShSH�<SZ���,§f hS,.0Zy�0K<SZ¬H�,=H�JK<�;O/%1.0K<cH�MNh9<BM)qK/LH�,.8î,1p'/=JK,1HîR�H�/18���qKR:ME041O/��
X.<SaN,)h>M¼HCb¥a_/Yf9?	f�M¼H�JþH�JK<D��,§f h>,.0>y�0K<>Z[H�,zf�M¼H�JKME0 \A" ZK<B1.8:<S<>Rt,Lp^H�J�<�<�Mkq�/�H�,.8 / 4��^<ShY/1qKR�<¶R�H:<>aEa_/18
;O/%1.0K<cH�MNhKy�<>aEZKRP/18�<ò,1p�H�<S0úH�MEaEH�<SZ3f�MEH:Jù8:<SR:I�<>hSHPH:,©H�JK<ò8�,1H`/�H�MN,10ú/¬3iMNRS?*,.qK8WX)ME<Sf�MN0Z1ü,.8:ME<>0�H`/LH:MN,.0
h`J�/10Z1.<>Ròf�MEH:J 8:,1H�/LH�ME,.0(I�J�/1R:<L4 @ 0 H�J�<Tyh1.qK8�<©f^<üR�JK,§f /úR�MN;tqKaN/LH�<SZ aNME0K<¬I�8:,%y�aE<¬p�8:,1; H:JK8:<S<
ZKM­O£<S8:<>0�H�/10411aN<>RB® " ZK<B1.8:<S<>R���;O/%1.0K<cH�MNh^IÓ,.aE<cs�,.0 / ? ` b Z�<�1.8�<><>RS?�/L0KZ�¯ " Z�<�1.8�<><>R���<BMkq�/LH�,18�sC,10 / 47QrJK<
h`J�/18:/1hSH:<>8�MNR�H:MNhSRP,1p�H�JK<SR:<øIK8:,Ay�aN<SRP/18:<òZ�qK<¶H�,¡��H�JK<òh`J�/L041.MN0Z1 / IK8�,¬°�<>hcH�<>Zé8�/LZKM_/1a'X.<SaN,)h>M¼HCbú,1p�H�J�<
3ksC8:/§b�s�<>;=MEH:H:MN0415f�MN0KZT?|/LR�f�<>aEa�/1R���X)ME<Sf�MN0Z1Ls
/10Z1.aN<�Z�<>I�<>0KZK<S0�H / ,ihSh>qKa¼H`/LH:MN,.0ò-�b¶H:JK<9R�H`/L8>4
\^aN<>/18:a¼b.?£H:JK<G8:,1H�/LH�ME,.0üIKJ�/LR:<GhY/10þ/AOÓ<>hcH9H�JK<GaNME0K<tIK8�,%y�aE<>R>?Tf�J�MNh`JþMNR9/òh>,.0�h>aNq�R:MN,10¥f�<Pf�MNaEa]-�<

H�<SR�H:MN041z/%1�/1ME0KR�H�8�<>h><S0�H�aEb¥,1-�H`/1ME0K<>Zþ;tqKa¼H�MUsCIKJ�/LR:<=\^J�/10�ZK8�/%,.-KR:<S8�XL/LH:MN,.0KR�,1pk k@�e�8�MN,.0KMER�\�MEH:R:<SaEp
4
QrJKMERtR�H�/18tJ�/1Rt/ ` bzZK<B1.8:<S<ø/1041.aE<�-�<SHCf�<><S0vH:JK<¶;O/%1.0K<cH�MEh¶/10KZù8�,1H`/�H�MN,10ú/¬3i<>R $ ?'/10KZv/zX)ME<Sf�MN0Z1
/10411aN<¶H�JK/LH=MNR=/1aNR�,üH�MNa¼H�<SZù-kb ` b¥ZK<B1.8:<S<>RGf�MEH:Jw8�<>R:I�<>hcHOH:,þH:JK<ø8:,1H�/LH�ME,.0é/¬3iMNRS?C1.M¼X)MN041¥qKR=/üp�qKaNa
8�/L041.<ø,1pgX)ME<Sf�MN0Z13/10Z1.aN<SRGf�M¼H�Jé8:<SR:I�<>hSH=H�,¥H�J�<zR�H`/18B¨ R=;�/A1.0K<SH:MNhø/¬3iMER>4w{|qiH�qK8�<z;=,iZ�<>aNME041¬f�,.8:j
f�MNaEa�MN0KhSaNqKZK<%H�JK<¬<BOÓ<>hSH:Rò,1p�/1-KR�,.8:IiH�MN,10(-�b(H:JK<©h>,1aNZwf�ME0KZ /10KZ /1aNR�,3H`/1jL<©MN0�H:,ù/1h>hS,.qK0�Hò;=,.8:<
8:<>/1aNMER�H:MNh%/10KZ hS,.;OI�aN<E3±�K,¯f�;=,.8:I�JK,.aN,%1.MN<SR>?^ME0Kh>aEqKZKME041[R�IÓ<ShSH:8�/1a²IÓ,.R�HòIK8�,ihS<>R:R�MN0413,1p90kqK;O<S8:MEhY/1a
x¬2²V�R:ME;tqKaN/LH�ME,.0KR>4

@ Érð>²yÊkÌUË ô ÑSì�×Cû.Ô�å]³]ð�´�ð;µ^ÍYÚ�Ïkë�Ë�Ï|åkÍ§ÏkëK¶�ð>¶.Ð`ÔAÑ§Ú�Ù
ÔUÏ�Ñ�å�·^×CÙCÚ
Ñ§Ø)ÊLÝ1×�ð;¸�ð;¹�º¼»kå>½¬¾�¿PÞ�À�Á#Â#Á¯è�ð
D ¶�ð(Ãøð(ÄîÍ§ÊkÏ�å�Ã%ð(·²ðÆÅ�Ë�Î�ÙCË�Ï�Ë`Õ§Õ§Ë`Ú�åÇ¸kð(²yÑ§ÙCÙ
Í§ïPåÉÈ�ð(´�Í§ÎLì�å�¸kð Ö<Ãøð0Ê�Ú
Ë�Î�Ü�å�·îðË¸kð(³7ð·ëkË�Ï�Ì7Ñ§Õ§Õ§Ë�Ï)ë�Ë§å
´�ð>Ã=Ë`ì]Ë§åiÍ§ÏkëDÃ%ðZÈ�ÍÎkëkË�Ì�å�·�×
ÙCÚ
Ñ¯Ï�ð�·^×CÙCÚ
Ñ§Ø)ÊLÝ1×�ð>¹;ÎZÏKå;Å?Ð5À�¾GÞÑ¾�Ò#Ò]Àcè�ð

m ¶�ð�Ó£ðZÔ^ì]Ñ1Ð�û1Ô�Í§ÏkëGógð;µ²ðZ²]Ñ¯Ê�Ë�Ï�å�·^×CÙCÚ
Ñ§ØiÊ�Ý.×`ð;¸�ð4Ï;Ï�Õ|åÖÀ#À	Ò�Â=ÞÑ¾�Ò#Ò]Àcè�ð
� ¸�ð]Ó£ð;²yÍ§×
×
ÔUÏkË�ÌUÌUÔ�å¬×²ð]·îð�ÃOÔUÌUÌAË`Úcå�ÿ(ð5Å	ð.ÿøÍ§ÌUë�Ú
Ñ¯Ï�å�¸kð5¸kð]ÃOÍ§Ð	³kÍYÚ�Ì¼Í§Ï�Ë§å)Í§Ïkëtógð]µîð;²]Ñ¯Ê�Ë�Ï|å5·^×CÙCÚ
Ñ§ØiÊ�Ý.×`ð]¸�ð
Å|Ë`ÙCÙ`ðhÏ;Ï]º�å;Å¼Ø#Ø=ÞÑ¾�Ò#Ò]Àcè�ð

: ¸�ð;ÌyÍ ô Ë�Ì�Í§ÏkëGÉ�ð;ÃGÑ¯ÏLÙ
ï Ë`Ú�ÌAË§å>·�×CÙCÚ�Ñ¯Ï�ð;·^×CÙCÚ
Ñ§Ø)ÊLÝ1×�ð;¹>Ù�¹|å¼À�¾5À�Þ�À�Á#Á�¿§è�ð
$ ¸�ð Ö8³]ð7ó^Ñ¯ÏkÍYÙ
Ô�åÉ¸kðËÌyÍ ô Ë�Ì�å]É�ðn¸�ð(µ^ÍYÚ
Ú�ÔAË�×�å7ñ:ð	ógðnµ�ÑcìyÍYÚ
Ù
Ê�åÇÓ£ðËÓ£Ë`Ù
ÔAÙ`å*Í§Ïkë«Ãøð�¶.Ë�ï Ë�Ì�åÉÃGÑ¯Ï�ðn×�Ñ§Ù`ð�´�ð

`



·�×
ÙCÚ
Ñ¯Ï�ðZ¶1Ñ.ÐYð;¹;¹>¹�å4Ø#ØGÞÑ¾�Ò#Ò�¾¯è�ð
= ·îðiÎkë.Ö�ó^Ñ¯ÎkÌUÍ Í§ÏkëK¶Kð;Ó£ð>Ô^ì7Ñ.Ð
û.Ô�ð;·^×CÙCÚ
Ñ§ØiÊ�Ý.×`ð;¸�ð�Þ_Ô¼ÏPØkÚ
Ë�×
×�åkÍ§Ð`Ð�Ë`ØkÙCË�ë�¾�ÃOÍ�ÝK¾�Ò#Ò�¾¯è

b



Ú�Û4Ü(Ý�Þ8ßÖàËá
â Þäã¼å(æ�çsè ® �7���1 �¦1��� xTPURé�ê� � /10�Z ~*� ,.8:Z�<>8�R�qK;O;=<>Z / R:I�<>hcH�8�/���f�M¼H�Jü<S8:8:,18�-�/18�R / ,1p'H�J�<

�²<9� & b);�/10±� aNMN0�<�MN0x��/ / �þd*qKIKIKMER>?�/10KZx��- /  k@te�8:ME,.0KMNRW\g?]f�M¼H�JúH�J�<ò-Ó<SR�H�sêyKHGR:I�JK<>8�MNhY/LaNaEb�s
R�b);=;O<cH�8�MNhWf�ME0KZü;O,)ZK<Sa7p�,.8��%d*qKIKIKMERK��ME0ü-Ka_/1h`j / 4WQrJK<GI�/18:/1;=<SH�<S8:Rgp�,18gH�JK<P-�<>R�H�sêyKH9;O,)ZK<Say/18�<
�� � ?4�� �%Yë\ ? � 7  �5Y­�#��� ?�/10�Z�� �  \>Y bi4*QrJK<�/18:<>/tqK0KZK<S8rH�JK<9;=,iZK<Sa£hSqK8�X1<�MERr0K,.8�;�/1aEMFzS<>Z�H:,
H�J�<5/L8:<Y/PqK0�ZK<>8�H�JK<9Z�/�H`/Ph>qK8�X.<L4
â Þäã¼å(æ�çíì ® & MN0K<%IK8�,%y�aN<SRG,1p9/10é<�Mkq�/LH:,.8:MN/1arZKMER:júp�,.8O/10é,.-KR:<S8�X1<>8ò/LHGH:JK8:<S<¬ZKM­O£<S8:<>0�H=X)MN<Sf¡s

MN0Z1ö/1041.aE<>Rr�´/ /«"%î ��;O/%1.0K<cH�MNh�sCI�,.aN<v,.0 / ?���- /S` b î ?ò/10KZï��h / ¯ "5î �´/1aE,.041 ;�/%110K<SH:MNh(<BMkq�/LH�,18 / 4
QrJK<ùJK,18:MFzS,.0�H`/1a5/¬3iMNR¬R:JK,§f�R©H�J�<úf¡/YX.<SaN<S0411H�J R�hY/1aE<>Z H�, H:JK<3H:<>8:;=MN0K/1a�X1<>aE,ihSMEHCb ,1pPH�JK<[f�MN0KZT?
ð  | � |A}  ñ�<X ~ X 7 /óò�� X 7 |A} 4üQrJK<���q;3úMERW0K,.8�;�/LaNMFzS<>ZþH�,¬H:JK<¶;O/¬3iMN;tqK; XL/1aEqK<14��î,1H�<OH�J�/LH
H�J�< /1R�b);=;O<cH�8�bOME0�H�J�<�IK8:,Ay�aN<²MNR^Z�qK<�H�,t,)h>hSqKaEH�/LH�ME,.0=,1p7/WIÓ,18�H�ME,.0�,Lp�H�JK<�8�<>Zis�R:JKM¼p�H�<SZòI�/18�H^,1p�H�J�<
f�MN0�Z%-�bòH:JK<9R�H`/L8>4

ô



õUöF÷>ø¼ù�úAû

12.05 12.10 12.15 12.20 12.25
Wavelength (A)

0

10

20

30

40

50

60

C
ou

nt
s

12.1321A

12.05 12.10 12.15 12.20
Wavelength (A)

0

10

20

30

40

50

60

70

C
ou

nt
s

12.1321A

ü<ý5þ

üäÿ�þ

³£ñ�È�ðÖÀ��gßÓà1á§âiãYäCáDÃ�� È Þ���ÀîÍ§Ïkë��HÀrÑ§Ú�ë�Ë`Ú�×
Îkï�ï Ë�ëiè7×CØKË�Ð�ÙCÚ�Í=ÞNì�ÔUÙ
ÊtË`Ú
Ú
Ñ§Ú ô ÍYÚ�×�è7Ñ§ÒTÙ
Ê�ËH×�Ë	��Å|Ý.ï9Í§Ï

 Ì¼ÔUÏ�Ë²Ô¼Ï¬Þ_Í�è��©Ó	ÎkØkØ)ÔU×`å�Í§ÏkëüÞ ô è�
 @ Ô^Ú�ÔAÑ¯ÏkÔU×k²^åKì�ÔAÙ
ÊOÙ
Ê�Ë ô Ë�×
Ù�Ö�õkÙ^×
Ø)Ê�Ë`Ú�ÔUÐ`Í§Ì¼ÌAÝ�Ö�×
Ý1ï9ï9Ë`ÙCÚ�ÔUÐ¡ì�ÔUÏ)ëOï Ñ.ë�Ë�Ì
ÒNÑ§Ú���Ó	ÎkØkØ)ÔU×'Þ_ÔUÏ ô ÌUÍ§Ð�û�è�ð·É�Ê�Ë�Ø)ÍYÚ�Í§ï Ë`ÙCË`Ú�×7ÒEÑ§Ú]Ù
Ê�Ë ô Ë�×
Ù�Ö�õkÙ7ï Ñ.ë�Ë�ÌiÍYÚ
Ë����rÀYå����rÀ��a¾1å�� 7 �rÀ�� À�� � å.Í§Ïkë
� � ��¾��aØ1ð7É�Ê�Ë�ÍYÚ
Ë�Í9ÎkÏ)ë�Ë`Ú*Ù
Ê�Ëîï Ñ.ë�Ë�Ì�Ð`Î�Ú�ê§ËîÔU×*Ï�Ñ§Ú�ï�Í§ÌUÔ��`Ë�ëtÙCÑ9Ù
Ê�Ë²ÍYÚ
Ë�Í9ÎkÏkëkË`Ú*Ù
Ê�Ë�ëkÍYÙ
Í9Ð`Î�Ú�ê§Ë§ð

�



-1.0 -0.5 0.0 0.5 1.0
x

0.0
0.2

0.4

0.6

0.8

1.0
1.2

Fl
ux

-1.0 -0.5 0.0 0.5 1.0
x

0.0
0.2

0.4

0.6

0.8

1.0
1.2

Fl
ux

-1.0 -0.5 0.0 0.5 1.0
x

0.0
0.2

0.4

0.6

0.8

1.0
1.2

Fl
ux

� �"!

��#$!

�&%�!

³£ñ�È�ð4¾��ÉÅ�Ô¼Ï�Ë�ØkÚ
Ñ§õiÌAË�×*Ñ§Ò·Í§ÏOË��LÎkÍYÙCÑ§Ú�ÔUÍ§ÌÓë)ÔU×CûWÒEÑ§Ú¡Í§Ï=Ñ ô ×CË`Ú
ê§Ë`Ú¡ÍYÙ�Ù
Ê�Ú�Ë`Ë²ëkÔÛýKË`Ú
Ë�ÏLÙ'ê.ÔAË`ì�ÔUÏ�Õ5Í§Ï�Õ¯ÌAË�×²Þ_Í�èCÒ î
Þ_ï9ÍYÕ¯Ï�Ë`Ù
Ô¼Ð:Ö�Ø�Ñ¯ÌUË�Ñ¯Ïiè�å£Þ ô è�½¬Ø î å)Í§Ïkë¬Þ_ÐcèÇÁ�Ò î Þ_Í§ÌAÑ¯ÏkÕ�ï9ÍYÕ¯Ï�Ë`Ù
ÔUÐîË��LÎ)ÍYÙCÑ§Ú:è�ð]É�Ê�ËîÊ�Ñ§Ú�Ô'�`Ñ¯Ï�Ù
Í§Ì|Í>Ü�ÔU×�×
Ê�Ñcì�×*Ù
Ê�Ë
ìyÍ�ê§Ë�ÌAË�Ï�Õ§Ù
Êò×�Ð`Í§ÌAË�ë=ÙCÑtÙ
Ê�ËgÙCË`Ú�ï9Ô¼ÏkÍ§Ì|ê§Ë�ÌAÑ.Ð`ÔAÙ´ÝGÑ§Ò·Ù
Ê�Ë²ì�ÔUÏkë�å)(*�,+"-.+ } � Þ�/0�1/ 7 è324-5/ 7 + } ð¡É'Ê�Ë²÷)Î.ÜGÔU×
Ï�Ñ§Ú�ï�Í§ÌUÔ��`Ë�ëOÙCÑPÙ
Ê�Ë ï9Í>Ü.Ô¼ï²Îkï�êYÍ§ÌUÎ�Ë§ð�×�Ñ§ÙCË Ù
ÊkÍYÙ¡Ù
Ê�Ë Í§×CÝ.ï9ï Ë`ÙCÚ
Ý�ÔUÏ�Ù
Ê�Ë�ØkÚ
Ñ§õ)ÌAËgÔU×¡ëkÎ�ËgÙCÑPÑ1Ð`Ð`Î)ÌAÙ
ÍYÙ
ÔAÑ¯Ï
Ñ§Ò�Í�ØKÑ§Ú
Ù
ÔAÑ¯ÏtÑ§ÒTÙ
Ê�ËrÚ
Ë�ë.Ö�×�ÊkÔAÒNÙCË�ëtØ)ÍYÚ
Ù*Ñ§ÒTÙ
Ê�Ërì�ÔUÏ)ë ô ÝWÙ
Ê�Ëî×CÙ
ÍYÚcð

6


