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

* ��� �!���#�'�%+,�-���/.0��12�'�3�4��.0�#" 5%6��
�/.0��� �
���
7�897�8;:=<?>A@CBCDE>AFCG;HJIK8JIL>NMPOQHSRUTCVXWZY\[E]^VX_a`&bZcedSfhgAVicXbZ[^TCVNfkj�lm[nWoVATpY

qr8;qsMPD^DEtZu�HCvw8;xy<nvezAMPFC{PH}|p8~|J8JI�<�@Czi<?�PH}� 8�x�8;��t�����<���t�D^<hH}�S[^VATJ��YZ_mbZT���gNfh]^��f
�S�P`�]^V���]w�UfC��bZ[�f�_�bZ[m`

�e8���8J�e<?{�>Az�d�bog�bZ[�fk�Cb �;���pb�bZg bZc ¡�ViTpY\]
�¢v£|�¤��)�)�e¤s8y|�OCt�D�¥§¦-¨���©wªC��zA©^<?©¢tP«�¬�­�GP<¯®°@C<���¥^<�DE>A�C�±FC<���¥�D�MhzA©¢MhD^< >iF�²

³ <?{?¥�<?@´Mh¥�¥^OCD^<?<&@C>iµp<�DE<�F!¥�¥�MPFC¶�<?FC{?��D�MP@�>A>�>AF!¥�tK¥�OC<&·=Mh¥�>it�F}MPz=|�ª�OC<�DE>A{nMhzw¤Ut�D^�C©
� ¸�ªp<?D^>i�¹<?Fk¥¹º�·¢|�¤£»s¼¯8Q¤�O�<0{�t�F�½CFC<���<�F!¥§>A©¢©�¥��C@�>A<�@�MP©�M�«¾��FC{?¥^>At�F&tP«�¥\MhFC¶�<�F�{?�
D^MP@C>A��©�H£ªCzAMP©^�¹MK{?�CD^DE<�F!¥
º¾Bp<¯¥mue<?<�F¿­�8ÁÀh²\ÂP8�­ÃI��s¼ÄHeMPF�@�¥�t�DEt�>A@CMPz£½}<�zi@�º�BJ<?¥muÅ<�<?F
Æ 8�ÇZ²�Ç�8�­ÈG�ÉÊ¼Ä8}¤�OC< ³ ���¹ª�>AFLFC<���¥^D^t�F�<���>A©E©^>AtPF�@C��D^>AF�¶�¥^OC< ªC��zA©^<§>A©)�C©E<�@Ë¥^t¹>iF�«¾<�D
ªCDEt���ª�¥�zAtP©^©^<?©�tP«UBp<�MP�Ì>it�FC©�8SÍmFÎ¥^OC<§MPBC©^<?FC{�<�tP«ÏIË:=qrH�¥�OC<sF�<���¥^D^t�FL@}Mh¥�Mr©^OCtou
¥^OC<È<¯¸�ªp<?{?¥^<�@Ã@�<�ªJ<�FC@C<?FC{�>i<�©§t�F
Bp<�MP�ÐMPF�¶�zA<0MhFC@Kª�zNMP©E��MÑ{?�CD^DE<�F!¥nÒU¥�OC<�MnÓ�<?D�MP¶�<
³ �C��ªÔ>iFK¥�O�<ÑFC<���¥�D^tPF'©^>A¶PF}MPz�>A©rÕP­ÊÖ Æ ¨!×3tP«�¥�OC<�<¯¸�ªp<?{?¥^<�@ ³ �C��ªQ8/¤�OC<Ñ@�<�{nMn�
tP«�¥�O�<0FC<���¥^D^t�FKMPFC@�FC<?��¥�D^MPzSª}MPD�¥�>A{?zA<r©E>A¶�FCMPzA©w«¾tPzAzAtou�>iFC¶�¥�O�<0BCzA>iª
MPD^<È{�tP�¹ª}MhD^<�@
¥^t�¥�OC<Ê<¯¸�ªJ<�{?¥^<�@
{�zAMP©^©E>A{�MPzØ@�<�{�<?zA<?D�Mh¥^>At�FL¥�tÑ@C<¯¥�<?{?¥�zAtP©^©^<?©wt�F/MËÂo­���©=¥^>A��<�©^{�MPzA<h8
¤�OC<�¥�<?�¹ªJt�D�Mhz�<¯Ó�t�zi��¥�>it�FÃth«£¥�OC<?©^<¹©^>A¶PF}MPzA©ÊMPDE<¹{?t�FC©^>i©E¥^<�F!¥ru�>i¥^O'�et���zAt��rBK©^{�Mh¥E²
¥^<�D^>iFC¶§D�Mh¥^<�©�H�>A��ªCza��>iFC¶�MPF¹<?µp<�{?¥^>iÓP<wBJ<nMP�0²m>it�FÈ{�t�F�½CFC<���<�F!¥e¥^>A��<2Ù¦ Âo­P­Ê��©�8Ï¤�OC<
{?t�F�½}FC<?�¹<?F!¥e>i©S>AFC©E<�FC©E>i¥�>aÓ�<�¥�t�¥�O�<�¥^t�D^tP>A@}MPz�½}<�zi@¹@C<?©^ªC>a¥�<�zNMhD^¶�<£ÓhMPzi�C<�©�tP«pÚ�Û¹Ü0ÝhÜ
ºZÞ¦ ­�ß Æ Ç�¼ÄHà©^tLMPF!�
<?µp<�{¯¥�©§tP«eF�t�F�²m{?t�FC©E<�DEÓhMh¥^>At�F
tP«�¥�O�<¹Mh@C>NMPBCMh¥�>i{r>AF!ÓhMPD^>AMPF!¥sáâMPD^<
©E��MPzizA<?DÅ¥�OCMPFL¥^OC<�<¯¸�ªJ<�D^>i�¹<?F!¥\MPzy<?D^D^tPD�8

Â



ã}ä�å�æJçoèZéyêØëUìPçZí¾éJæ
q¢>Azi��¥�< ªpt�ª��CzNMh¥^>At�F�©¢tP«Å<�FC<?D^¶�<¯¥�>A{È>it�FC©s<¯¸�OC>iBC>i¥�<Ä¸�{�<�zizA<?Fk¥§{?t�F�½}FC<?�¹<?F!¥ ªCDEt�ª�²

<?DE¥�>i<�©�>iFÎ{�t�F!Ó�<?F!¥�>AtPF}MPzî¥^t�GïMP��MhG�©§ðñÂ�òó8S��©^ªCO�<�D^>i{nMPzp¥�t�GïMP�¹MPGËºX|�¤)¼eO}Mh©�MÈ©E��MhzAzA<?D
�¹M ³ t�D£D^MP@C>i�C©�ô#DE<�zAMh¥�>aÓ�<¢¥�t0¥^OC<��¹>iFCt�DeD^MP@C>i�C©�õ¹¥�OCMPFLMÈ{?t�F!Ó�<?Fk¥^>At�FCMPzQ¥�t�GïMP�¹MPG;Ò
«¾t�Dî<¯¸�MP��ªCzA<hHï>iF¢¥�OC<�·=Mh¥�>it�F}MPzP|�ªCOC<?D^>i{nMPz�¤Ut�DE�C©U�Ï¸�ªJ<�DE>A��<�F!¥Åºó·w|�¤£»�¼ÄHZõ�Ýhô	ö	­�ß�÷�8
¤�OC>i©¢@C>aµî<?D^<�F�{�<ÈO}MP©¢©E<?ÓP<�D�Mhz�>i�¹ª�zA>A{�Mh¥�>it�FC©�tP«�ªJtP¥�<?F!¥�>NMhz >A��ªJt�DE¥�MPFC{�<§«¾t�Dw«�MP©�¥E²ø>At�F
{?t�F�½}FC<?�¹<?F!¥n8L� >ADE©E¥�HU¥^OC<¹�¹MP¶�F�>i¥���@C<ÈtP«e¥^OC<�ªJt�zAtP>A@}MPzØ½}<�zi@K{�MPFÔBJ<¹{?t��¹ªCMPD�MPB�zA<
¥^t�¥^OC<§¥^t�D^tP>A@}MPzJ½}<�zi@QHJMPzi¥^<�DE>AFC¶r¥^OC<ÊtPD^BC>a¥�¥�t�ªJt�zAtP¶P�
ð Æ H;¨hòUMPF�@Ëª}MPD�¥�>i{�zA<s@�D^>i«ù¥^©Êð9ÀïòX8
|�<?{�t�F�@QHC¥�OC<�DE<�zNMï¥�>iÓP<�za�¹uÅ<nMPG���MP¶PFC<?¥^>A{w½}<?zA@LÜú>A��ªCzA>i<�©eMÈzAMPD^¶P<w«�MP©E¥�²m>it�FÑ¶P��D^tPD�Mï²
@C>i�C©sÚ}Hàu�OC>Azi<r¥�OC<È©^�¹MPzizØÓhMPzA��<0tP«£�¹M ³ t�D¢D^MP@C>i�C©�>A��ªCzA>i<�©wD^MPªC>i@
½C<�zA@&ÓhMPDE>NMh¥^>At�FC©?8
º�Ü-û-ÂZÝhô´>iFÈMw¥�t�DE�C©\¼Ä8Sve<?{nMP�C©E<�Ú�Û¹Ü0ÝPÜ�>i©�MPªCªCDE<�{�>AMPBCzi<PHP¥^OC<���Mh¶�FC<?¥^>A{£��t���<�F!¥
á�ü	ý
þyÝPÜ�Hku�OC>i{\O�>A©ÅMÊDEt�BC�C©�¥£Mh@C>NMPBCMh¥�>i{�>AF!ÓhMPD^>AMPF!¥Å>iF�M§{�t�F!ÓP<�F!¥�>it�F}MPz;¥�t�GïMP�¹MPG;H
FC<?<�@/F�tP¥wBJ<§{�t�FC©E<�D�Ó�<�@&>iFËM�©^ªCO�<�D^>i{nMPzy¥^t�GïMP��MhG
ð�Ç�HpÕ�Hî÷kHJ¬�HJÿ�HàÂo­ïòó8�ÍmF/MP@�@C>i¥^>At�F
¥^tr¥�OC<?©^<¢¥�O�<�t�DE<?¥�>i{nMPzp{�t�F�©^>A@�<�D�Mï¥�>AtPFC©�H�¥�OC<s{?t�F�½}FC<?�¹<?F!¥�tP«à«�MP©E¥�>it�FC©£>iF2M0|�¤¿>A©£th«
{?t�FC©^>i@C<�D^MPBCzi<�ª�D�MP{¯¥�>A{�MPzS>A��ªJt�DE¥�MPFC{�<h8Ñ·)<���¥^D�MPz�BJ<nMP��©§MPD^<È¥�OC<�ªCDE>A�¹MPDE�ËOC<nMh¥^>AFC¶
©���©�¥�<?��«¾t�Dà¥�OC<?D^�¹MPz�{�t�F�½CFC<���<�F!¥S©�¥��C@C>i<�©Ï>iFr·w|�¤£»�©^tw>i¥Ø>A©àÓ�>a¥\MPzk¥�t={�t�F�½}D^��¥�OC<?>AD
ªJ<�D�«¾t�D^�¹MPFC{?<P8ÈI�tPD^<�toÓP<�D�Hà¥�O�<0FCt�D^�¹MPzi>���<?@/BJ<nMP�0²m>it�F/¶P��D^tPD�MP@C>i�C©sÚ�ÝPõL>AF�·¢|�¤£»
>i©){?t���ª}MPD�MhBCzA<s¥�t�¥�OC<Ê<¯¸�ªJ<�{?¥^<�@&FCtPD^�¹MPzA>���<�@2¶P��DEt�D�MP@�>A�C©�tP«�MhzAªCO}MÈª}MPD�¥�>i{�zA<?©=>iFËM
@C<?��¥�<?D^>i�C�È²X¥�DE>i¥�>i�C�Ì|�¤	D^<�MP{?¥^t�D�H}©Et���<nMP©E�CD^<?�¹<?F!¥�©)tP«ÏBJ<nMP�0²m>it�FÎ{�tPF�½}FC<?�¹<?Fk¥=>AF
·w|�¤£»�MP@C@CDE<�©^©�¥�O�<�Ó�>AMPBC>Azi>i¥m��tP«U¥�OC<Ê|�¤,MP©)MÈ«¾��©^>AtPFLDE<nMP{¯¥�t�D?8
¤�OC<�½CD^©E¥ ©E¥^�C@��KtP«£«�MP©�¥E²m>it�F�{�t�F�½CFC<���<�F!¥r>iFÔMPF'|�¤�u£Mh©rªp<?DE«¾t�DE�¹<?@Ãt�F�¥�OC<

|�¤U�¢�Ø¤Ô©^ªCO�<�D^>i{nMPzk¥�tPGhMh��MPG0ð�Çïòó8 I�<nMP©E�CD^<?@0FC<���¥�D�Mhz�ªCMPDE¥^>A{�zi<�©^ªJ<�{?¥^D�M�ue<?D^<£{?t�FC©^>i©�²
¥^<�F!¥eu�>a¥�OÑªCDE<�@C>i{?¥^>At�FC©�B}MP©E<�@Ît�F�t�D^BC>a¥e{�MPzA{?�CzNMï¥�>AtPFC©�>AF¹¥^OC<wª�D^<�©E<�FC{?<stP«Ø�et��Czit��rB
©E{nMh¥E¥�<�DE>AFC¶�MPzit�FC<h8
|�OCtPDE¥�FC<?��¥�D^MPza²øBp<�MP�-ªC��zA©^<?©=º�BJ<nMP���EBCzA>iªC©��!¼ MPD^<�Ms{?t�F!Ó�<�F�>A<�F!¥�¥�<?{\OCFC>A�k�C< ðñÂ�Â�ò

«¾t�Dy¥^OC<Å©�¥��C@��Êth«�¥�O�<Å{?t�F�½}FC<?�¹<?F!¥ÏtP«�@C>Azi��¥�<SªJt�ªC�CzAMh¥�>it�FC©ytP«�Bp<�MP��>AtPFC©�8U¤�OC<Å¥^<�{\O�²
FC>i�k�C<¹OCMP©sÓ�<�DE>i½}<?@Ô{�zAMP©^©E>A{�MPzS@C<�{?<�zi<�D�Mï¥�>AtPF�ðñÂ�ÂPH�Â Æ òÅMPFC@KuÅ<nMhG&@C>iµp�C©^>it�F�ð Âo¨�H�ÂnÀPò
tP«�BJ<nMP�±>AtPFC©¢>AFË{�t�F!Ó�<?F!¥�>AtPF}MPzÏ¥�tPGhMh��MPGk©?HîO}MP©s��<nMh©^�CDE<�@�MPFCt��¹MPzi>A<�©=MP©E©^t�{�>NMï¥�<�@
u�>a¥�OÊ½C<�zA@ D^>Aª�ªCzA<�>AFÊ{�t�F!Ó�<?F!¥�>AtPF}MPz�¥^t�GïMP�¹MPGk©�ðñÂZÇ�H�ÂoÕ�H�ÂZ÷Zò�MPFC@ O}MP©Ï@C>AMP¶�FCtP©^<�@ ªpt�t�D
{?t�F�½}FC<?�¹<?F!¥�tP«àªJ<�D^ªJ<�F�@C>A{?�CzNMPDÅBp<�MP�°>At�F�©e>AF¹¥�OC<��£:w|�OC<�zi>A{�MPz;@C<?Ó�>A{?<ÈðñÂo¬hòó8Ï¤�OC>A©
ª}Mhªp<?D)DE<�ªJt�DE¥^©�¥�OC<�½}D^©�¥¢MhªCªCzA>i{nMh¥^>At�F�tP« ¥^OC<�Bp<�MP�È²øBCzA>iªÑ¥�<?{\OCFC>A�k�C<§¥�t�MÈ©^ªCOC<?D^>i{nMPz
¥^t�GïMP��MhGJ8s¤�O�<r¥�>A��< <¯Ó�t�zi��¥�>it�F&MPF�@&ª}MPD�Mh�¹<¯¥�D^>i{ @C<?ªp<?FC@C<?FC{�>i<�©�tP«�¥�OC<0DE<�©E�Czi¥^>AFC¶
FC<?��¥�DEt�F�©^>A¶PF}MPzA©�MhD^<�{�t�FC©E>A©�¥�<�F!¥§u�>i¥^O�{?zNMP©E©^>i{nMPzSBJ<nMP�0²m>it�F&BJ<�O}MnÓ�>At�D?8¹¤�O�<�MPB�©^th²
zi��¥�<r�¹MP¶�F�>i¥���@C<Êth«�¥^OC<0FC<?��¥�DEt�F
©^>A¶PF}MPzA©=>A©=©^�¹MPzAzi<�D=¥^O}MPF&<Ä¸�ªJ<�{¯¥�<?@KBC��¥s��Mn��Bp<
<Ä¸�ª�zNMP>iFC<�@2B!�2<¯¸�ªJ<�D^>i�¹<?F!¥\MPzQ<?D^DEt�D�8
�Qä	��

���kèïí�����æJç������ éJæUêØíùçZí¾éJæ����}æUê��Îæ����! "��í��$#%��ì'&ØæUí)(Që��*�
�wziz�tP«J¥�O�<�@}Mh¥\M¢>iFr¥�OC>i©Sª}MPªJ<�DÏuÅ<�DE<=Mh{��k�C>ADE<�@È@C�CDE>AFC¶¢¥muÅt�{�t�F�©^<�{?��¥�>aÓ�<)@}Mn��©�th«

Æ



t�ªJ<�D^Mh¥�>it�FÑ>iF,+P��zi��H Æ ­�­�ÂP8S¤�OCD^<?<§F�<���¥^D�MPzQBJ<nMh�Ì©^tP�CD^{?<�©)>AF ³ <?{?¥�<?@LMPªCªCDEto¸�>i��Mh¥^<�za�
Â�8�Õ�IL7 tP«S¦	¬P­ÈGh<?®�@C<���¥�<�DEt�FC©�>AF!¥^t�@�<���¥^<�D^>i�C� ·w|�¤£»#ªCzNMh©^�¹MP©§ºóõ ö�­�ß�Õ�Õr�LH
ô±ö ­�ß�ÿ!Ç��LHÏ<?zAt�FC¶�Mh¥�>it�F.-âö Â�ß�¬!¼ÊMï¥ ¥\MhFC¶�<�F�{?�ÔD^MP@C>i>�th«)­�8�ÕPÿË� ºó|�t��CDE{�<Ñ�¢¼¯H
­�8�ÇPÿ � ºó|�t��CDE{�<�v�¼ÄH�MPF�@2­�8�À�ÿ � ºX|�t���D^{�<s��¼¯8�¤�O�<s¶P��D^t�D^MP@C>A��©etP«UMÊ¥m��ªC>i{nMPzpt�D^B�>i¥
>i©�����>i¥�<szAMPD^¶P<PH}MP©�>izAzA��©E¥�D^Mh¥�<?@Ñ>AFL� >i¶C8îÂP8
ÍmFÎMÊ¥m��ªC>i{nMPzJ@C>i©^{\O}MPDE¶�<Èº�� >A¶C8 Æ ¼¯H�©^<?ÓP<�D^MPzQBJ<nMP�°BCzi>AªC©�tP«Ø¦	¨ ��©e@C��D�Mh¥^>At�F�MPD^<

>iF ³ <�{¯¥�<�@¹>AF!¥�t MÊFCtP�¹>iF}MPzAza�r©�¥�<nMh@��!²m©E¥�Mh¥�<=ªptPDE¥�>it�F�tP«Q¥�O�<w@C>i©^{\O}MPDE¶�<P8S¤�O�<¢<�zi<�{?¥^D^t�F
¥^<���ªp<?D�Mh¥^�CD^<sMhFC@2@C<�FC©E>i¥m�Î>i©£��<nMP©E�CD^<?@�B!�ÎMr¥^<�F�²øªpt�>iF!¥£¤�OCt���©^tPFL©E{nMh¥E¥�<?D^>AF�¶�@�>a²
MP¶PFCt�©E¥^>A{LðñÂoÿïòó80¤�OC<�D^<?zNMh¥^>iÓ�<?zi��zAtou�{�<�F!¥^D�MPzS<?zA<�{¯¥�DEt�F&¥�<���ªJ<�D�Mï¥��CDE<�th«0/21 Þ¦ ÂÈGP<¯®
>i�¹ªCzi>A<?©à¥^O}Mh¥�H�{�zAMP©^©E>A{nMhzAzi�PHhBJ<nMh��>it�FC© ©EzAtou @Ctou�FÈªCD^>i��MPDE>Aza�¢t�Fr¥^OC<�DE��MPz�<�zi<�{¯¥�D^tPFC©�8
�={�{�tPD^@C>iFC¶�zi�PHP¥�O�<£{�zAMP©^©E>A{nMhz�ªC>a¥�{\O�²mMPFC¶�zi<e©^{�Mh¥^¥^<�DE>AFC¶sD^Mh¥�<4365�7�8�>A©SMhF0t�D^@C<?DÏtP«J�¹MP¶h²
FC>a¥��C@�<¢©^�¹MPzAzi<�D�¥�O}MPFÑ¥^OC<s<�F�<�D^¶h�Î@C<�{?<�zi<�D�Mï¥�>AtPFÎD�Mh¥^<	3'9S8;:)FC@C<�D�¥^OC<�©E<§{?t�FC@C>a¥�>it�FC©
>iF¹Ms{?t�F!Ó�<�F!¥^>At�F}Mhz;¥^t�GïMP�¹MPG;H!ªC>i¥^{\O�²�MPF�¶�zA<£©E{nMh¥E¥�<?D^>AF�¶§«¾DEt���M�{�t�F�½}FC<�@¹t�D^B�>i¥Ï¥^t MPF
�CF�{�t�F�½CFC<�@�t�D^B�>i¥Èº�MP{�DEt�©^©§MÑzit�©^©sBJt��CFC@CMPDE��¼=O}MhªCªp<?FC©�D�MPDE<�za��8§¤�OC<È>At�FË¥^<���ªp<?D�²
Mh¥^�CD^< MPFC@&ªCzAMP©^�¹M¹DEtP¥\Mï¥�>AtPF�uÅ<�D^<0F�tP¥¢��<nMP©E�CD^<?@
>AF�¥^OC<�©E<0<¯¸�ªJ<�D^>i�¹<?F!¥�©¢BC��¥¢¥�OC<
{?zNMP©E©^>A{�MPzC{?t�F�½}FC<?�¹<?F!¥£MPF�@¹FC<?��¥�DEt�F�D�Mh¥^<=MhD^<�>AFC©E<�FC©E>i¥^>iÓ�<£¥^t</>=pMPFC@@?BAw>AF0¥�OC>i©Sª}Mï²
D^MP�¹<¯¥�<?DSD^<�¶P>A��<P8 ¤�O�<)<¯µî<?{?¥^>iÓ�<){\O}MPDE¶�<)tP«p¥^OC<�ªCzNMh©^�¹M	C;1EDFD)>A©St�B�¥\MP>iFC<�@È«¾D^t��#¥�OC<
¤�OCtP�¹©Et�FK©E{nMh¥E¥�<?D^>AF�¶L��<nMh©^�CDE<���<�F!¥�©ÊMPFC@KMÑÓ�>i©^>iBCzA<rB�D^<���©^©�¥�D^MPOCzA��FC¶�@�>NMP¶�F�t�©E¥^>A{
ð Æ ­ïòóÒ>C�1GDHD¢ö-Â�ß�¬0>A©£¥m��ªC>i{nMPzó8
�£¥�MÔ¥m��ª�>A{nMhzsBp<�MP� BCzi>Aª#ºó�Ø>A¶C8e¨!¼¯H�¥�OC<
FC<?��¥�DEt�F¿<���>A©^©E>At�F�IFJ'D^>i©^<�©2FC<�MPD^za�

zi>AFC<�MPD^za��@C��D^>AF�¶ ¥^OC<�Bp<�MP� ªC�Czi©^<PH=¥�OC<?F,@C<?{nMn��©/MPªCª�D^tn¸�>A�¹Mh¥�<?zi��<Ä¸�ªpt�F�<�F!¥�>AMPzAza�
«¾t�zizAtou�>AF�¶È¥^OC<rªC��zA©^<h8K:)FC@C<�D)¥�OC<?©^<0{?t�FC@C>a¥�>AtPFC©�H}¥�O�<rBp<�MP�0²mªCzAMP©^�¹M0D^<nMh{?¥�>it�F/D^Mh¥�<
>i©=toÓ�<?D¢MPFËt�D^@C<?D=th«S��Mh¶�FC>i¥^�C@C<§zNMPDE¶�<�D�¥^O}MPF�¥^OC< BJ<nMh�È²øBp<�MP� t�D�¥�OC<?D^��t�Fk�C{�zi<nMPD
D^Mh¥�<?©�8�¤�OC<���MZ¸�>i�r�C�
ªptP©^©^>iBCzA<sD^Mh¥�<�tP«Ø{\O}MPF�¶�<�tP« ¥^OC<�FC<���¥^D^t�FL<���>A©E©^>it�FÎ>A©

LIFJ§ö LMONQP2RTS)UV?XWZY º�ÂZ¼
u�OC<?D^< LMONÊ>A©0¥�OC<2D^Mh¥�<LMh¥Èu�OC>i{\Oâ«¾�Cziza²m<?FC<�DE¶P�ÔBJ<nMh�%>At�F�©¹MhD^<2>AF ³ <?{?¥^<�@�>iF!¥�t&¥�OC<
@C<¯Ó�>A{�<hH"P[R >i©¢¥�OC<0@�<���¥^<�D^>i�C�3@C<?FC©^>a¥m�&>AF&¥^OC<0{�<?Fk¥^<�D§tP«�¥�OC<È@C<¯Ó�>A{�<hHUMPFC@\S�UV?XWw>A©
¥^OC<e@�²ø@0D^<�MP{?¥^>iÓ�>i¥m�P8 �}t�DU¥�OC<?©^<£BJ<nMP�0²mª�zNMP©E��M�D^<�MP{?¥^>At�FC©Uu�>i¥^O ¥�OC<e>AF ³ <?{?¥�>it�F <?FC<�DE¶P�
]^=_Ja`�b />=sº�MPFC@�FC<�¶PzA>A¶P>ABCzi< ¥�t�DEt�>A@CMPzÏD^th¥\Mh¥^>At�F;¼ÄHQ¥�OC<�D^<�MP{?¥^>iÓ�>i¥m�/>A©sue<?zAz�MPª�ªCD^tn¸�>a²
�¹Mh¥�<?@ÑB!�Ñ¥�O�<¢D^<�MP{?¥^>iÓ�>i¥m�¹tP«ØMPF2¬�­ï²øGP<¯®�@C<���¥�<�DEt�FÎ¥�O}Mï¥�{�t�zizA>i@C<�©�u�>i¥�O�{�t�zi@Ñ¥\MPDE¶�<?¥
>it�FC©�HcS�UV?XWÎödUV?´ü ¨�ß�¨Pÿfe¿Ân­*g�h)iÑ{��@jHkh©?8´ÍmF�MKzAMPD^¶P<L{?t�F!Ó�<?Fk¥^>At�FCMPz=¥^t�GïMP��MhG
u�>a¥�OÃ<Ä¸�{�<�zizA<?Fk¥ {�t�F�½}FC<���<�F!¥�HÏFC<nMhD^zi��MhzAzStP«£¥^OC<�>iF ³ <�{¯¥�<?@ÔFC<���¥�D�MhzA©§Bp<?{�t���<¹{?<�F�²
¥^D�MPzizi�/{?t�F�½}F�<�@ÔBJ<nMP�Ð>it�FC©?HØ©Et LMON¢ömlBDonFpqpsr�=tJa`¯ÝT]^=_Ja` u�OC<?D^<ulBDonFpqp�ö ­�ß�Õ�Õ2>A©s¥�OC<
«¾D^MP{?¥^>At�F/th«�¥^OC<r¥�th¥\MPzØªptouÅ<�D�{nMPDED^>i<�@&B!�Ë«¾�Cziza²ø<�FC<?D^¶P��Bp<�MP� >it�FC©sMhFC@vr�=_Jo`Ê>i©w¥�OC<
>iF ³ <�{¯¥�<�@
ªJtoue<?D�80�}t�Ds·w|�¤£»°ª}MPD^MP��<?¥�<?D^©?HQ¥�OC<È�¹Mï¸�>A�r�C�4<Ä¸�ªJ<�{¯¥�<?@ÃD�Mï¥�<rtP«ÅD^>i©^<
tP« ¥�OC<rF�<���¥^D^t�F/<?�¹>i©^©E>At�F�>A©=¥m��ªC>i{nMPzizi� LIFJ�ü Æ ÷PÿTP[Ro8rº)P2Rs>A©w>iFË{?�wg*jsMhFC@ LIZJ¹>A©)>AF
FC<?��¥�DEt�FC©okh©�xZ8�¼

¨



�}t�zAzitou�>AFC¶ ¥^OC<§BCzA>iªQH�¥�O�<§F�<���¥^D^t�F�<���>A©^©E>At�F2@C<?{nMn��©¢MPª�ªCD^tn¸�>A�¹Mh¥�<?zi��<¯¸�ªptPFC<�F�²
¥^>NMPzizi��8 ve<?{nMP��©^<Ë¥^OC<�DE<nMP{¯¥�>aÓ�>a¥m� @C<�{?D^<�MP©^<?©ÑD�MPª�>A@Cza�Ãu�>i¥^O�<?FC<�DE¶P��He¥^OC<Ë<Ä¸�ªp<?{?¥�<?@
FC<?��¥�DEt�F'@C<?{nMn�ÔD^Mh¥�</ÂoÝ'yZJË>A©§«�MP©E¥^<�D ¥^O}MPFÔ¥�O�<Î<�FC<?D^¶P�K@C<�{?<�zi<�D�Mï¥�>AtPF'D�Mh¥^<z3'9S8
�
©E>A��ªCzA<)BC��¥�Mh{�{���D�Mh¥^<¢<�©�¥�>A�¹Mh¥^<wtP«à¥�O�<¢<¯¸�ªJ<�{?¥^<�@2@C<?{nMn�Ñ¥�>i�¹<)>A©Å¶�>iÓP<�FÎB!�ÎMf��¥m��ªC>a²
{�MPz;ª}MPDE¥^>A{?zA<���t�@C<?z��¹ð Æ Â?òJ�C©E>AFC¶ÊMnÓ�<�D^MP¶�<)ÓPMhzA�C<?©ÅtP«2/[1�MhFC@{P21�>iF�¥^OC<){�<�F!¥^D�MPz}¥�O�>AD^@
tP«U¥�O�<§ª�zNMP©E��M�H

yFJÊü�º Æ ß�ÕP¨|3'9à¼ g�h Y º Æ ¼
u�OC<?D^<}3'9�>A©£¥^OC<�{�zNMh©^©^>i{nMPzî@C<�{?<�zA<?D�Mh¥^>At�F2D^Mh¥�<�ð Æ�Æ H Æ ¨ZòàtP« ¬�­ï²mGh<?®#@C<?��¥�<?D^t�FC©?8
ÍmFLMPF2>A@C<�MPzQBJ<nMP� BCzA>iªÎ<¯¸�ªJ<�D^>i�¹<?F!¥nH�¥^OC<�@C�CD�Mï¥�>AtPFÎtP«à¥�OC<�BJ<nMP� BCzA>iªÎ>A©£©EOCt�DE¥

{?t��¹ªCMPD^<?@�¥�t¹¥�OC<Ê@C<�{?<�D�Mï¥�>AtPFË¥�>i�¹<§©^tÎMhF&MPªCªCDEtn¸�>i��Mï¥�<�za�Î��t�FCt�<�FC<?D^¶�<¯¥�>A{§ªJt�ªC��²
zAMh¥�>it�FrtP«pBp<�MP��>it�FC©S>A©S©�¥��C@�>A<�@î8ÏÍmF¹ª�D�MP{¯¥�>A{?<PH~yFJ�{nMPF�BJ<�{�t���ª}MPD^MPBCzA<Å¥�ts¥�OC<�ªC��zA©^<
@C��D�Mh¥^>At�F���N�p�=��!8'¤�OC<LD^<�©E�Czi¥^>AFC¶
©EzA>A¶POk¥r{��CD�ÓPMï¥��CDE<�tP«)¥�O�<LD^Mh¥�<2tP«=D^>i©^<2>A©0<¯Ó�>A@C<?Fk¥
>iF � >A¶C8Ø¨�8Ô¤Ut&>AF�{�zA��@C<Ñ¥�OC>i©r<?µp<�{¯¥nH�¥�OC<2FC<?��¥�DEt�F ©^>i¶�F}MPzÅ>A©r½C¥ÈB!�Ô¥^OC<Î<��k�}Mh¥^>At�F
LIFJ&ü�����IFJ!Ý6yZJ�@C�CDE>AFC¶L¥�OC<¹Bp<�MP� BCzA>iªÃMPF�@ÔB!� LIFJ&ü���IZJ!Ý'yZJËMh«ù¥^<�D�¥�OC<¹ªC�CzA©E<P8
¤�OC<2{?t�FC©E¥�MPF!¥@��D^<F�}<�{¯¥�©È¥�OC<Îª�D^t���ª�¥0{?t�F�½}FC<?�¹<?F!¥¹th«)¥^OC<2>AF ³ <?{?¥^<�@ Bp<�MP��>it�FC©
MPF�@Ñ©^OCtP�CzA@Î<?���CMPzp¥^OC<¢D^>i¶�O!¥E²øO}MPFC@¹©^>A@�<wtP«U�S�;8QÂ¢>a«àMPzAz;tP«y¥^OC<¢>iF ³ <�{¯¥�<�@�Bp<�MP� >it�FC©
MPDE<�{�t�F�½CFC<�@/>iFÎ¥�OC<§ªCzNMh©^�¹MÈ{?<�F!¥�<?D�8�¤�OC<§@C<?{nMn�2¥�>A��<KyFJÈ©^OCt���zA@/Mh¶�D^<?<�u�>a¥�O2¥�OC<
{?zNMP©E©^>A{�MPzS<¯¸�ªJ<�{¯¥\Mh¥^>At�F�ºó�S�;8 Æ ¼s>a«£@C<?zNMn��<?@Ãzit�©^©E<�©§t�FK¥^OC<¹@�<�{�<?zA<?D�Mh¥^>At�F
¥�>i�¹<?©^{nMhzA<
MPDE<wFC<?¶�zA>i¶�>AB�zA<P8Ø�S�¹ª�>AD^>i{nMPzizi�PHP¥�OC<=½C¥£tP«y¥^OC<wF�<���¥^D^t�FÎ©E>A¶�F}MhzJ¥^tÊ¥�O�<w¥�<?�¹ªJt�D�MhzJ<¯Ó�th²
zi��¥�>it�FÎªCD^<?@C>A{¯¥�<?@�B!�Î¥�O�>A©�©^>i�¹ªCzi<¢��t�@C<?zy>A©��C©E�}MPzizi�Ñ<Ä¸�{�<�zizA<?Fk¥rº�DE<�@C��{�<�@��"x^� Âo¼¯H
MP©�>izAzA��©E¥�D^Mh¥�<?@Ñ>AFL� >i¶C8C¨�8
q¢<?Ó�>AMh¥�>it�FC©=«¾DEt�� ¥�OC>i©¢��t�@C<?zØBJ<�OCMoÓ�>it�DsMPDE<r©^t���<?¥^>A��<�©=t�BC©^<?DEÓP<�@QHà<�©Eªp<?{�>AMPzAza�

>iF�¥^OC<wªCDE<�©E<�FC{?<¢tP«QÓ�>AtPzA<�F!¥eIË:=q	MP{?¥^>iÓ�>i¥m�P8ÏÍmF�¥^OC<=<Ä¸�MP�¹ª�zA<)©^OCtou�FÑ>iFÑ� >i¶C8�ÀCHk¥�OC<
D^Mh¥�<ÈtP«eD^>A©E<¹th«e¥�O�<¹FC<?��¥�DEt�FÃ©E>A¶�FCMPzS>A©�©^zi>A¶�O!¥^zi�/{?t�FC{�MoÓP<
º�D^Mh¥�O�<�Ds¥�O}MhFK¥�O�<¹�C©E�}MPz
{?t�F!Ó�<¯¸C¼0Bp<?{nMP��©^<LtP«�¥�OC<2BC�CDE©E¥^©¹Mï¥2Âo¬�Â2MPFC@¿Âo¬ Æ ��©ÈMPFC@'¥^OC<2@C<�{�Mo��>iFC¶
©^>A¶PF}MPz
MPB�D^�Cª�¥^zi��¥�<?D^��>AF}Mï¥�<�©ØMh¥Ø¥�OC<Å�¹>iFCt�DU@C>A©ED^�Cª�¥^>At�F Mh¥£Ânÿ�Âe��©�H�<¯Ó�>A@C<?Fk¥^zi�§>AF�@C>A{�Mh¥�>iFC¶wM
¥^tP¥\MPz;zit�©^©�tP«àBJ<nMP�0²m>it�FÈ{�t�F�½CFC<���<�F!¥n8=ºóI�>AFCtPDÅ@C>i©^DE�Cª�¥�>it�FC©�ue<?D^<¢{?t����¹t�F�@C�CDE>AFC¶
¥^OC< Æ ­�­�Âw<¯¸�ªJ<�DE>A��<�F!¥\MPzp{nMP��ª}MP>i¶�F�B���¥�MPDE<¢FCtou¿zA<?©^©£ªCDE<?ÓhMPzi<�F!¥£@C��<¢¥�tr>i�¹ªCDEtoÓ�<�@
ÓhMP{?�C�C��{�t�F�@C>i¥^>At�FC©?HhDE<�@C��{�<�@ <�D^DEt�Dà½}<�zi@C©�H!MhFC@ >iFC{�DE<nMP©E<�@rt�ªJ<�D^Mh¥�>it�F}MPzP<¯¸�ªp<?D^>i<�FC{?<
ð Æ Àhòó8�¼ÈvÅ<nMP� BCzA>iªC©Åu�>a¥�OÑ{?t�FC{���D^D^<?F!¥�zAtou£²ø«¾DE<��k�C<�F�{?�2I�:wq�MP{?¥^>iÓ�>i¥m��MPDE<w<¯¸�{?zA�C@C<?@
«¾DEt�� ¥^OC<�@}Mh¥\M0ªCDE<�©E<�F!¥�<?@/>AFÎ¥�O�<§F�<¯¸�¥)©^<�{¯¥�>it�FQ8
ve<�MP� >At�FC©�>AF�·¢|�¤£» tP«ù¥�<?F�@C<?©E¥\MhBC>Azi>���<2��t�@�<�©Èu�>i¥�O «¾D^<?����<�FC{?>A<�©ÎBJ<?¥muÅ<�<?F

ÇP­ÔG�:��KMhFC@´©^<?ÓP<�D^MPzÊIË:��h8�ÍmF�¥�OC<?©^<
<¯¸�ªJ<�D^>i�¹<?F!¥�©�H=¥�OC<&BJ<nMP� ªptPªC�CzNMï¥�>AtPF�>A©
>iFk¥^<�F!¥�>it�F}MPzizi� GP<�ª�¥�©^�¹MPzAz}>iF¹tPD^@C<?DÅ¥�tÊ©E¥^�C@��¹{�zNMh©^©^>i{nMPz}{?t�F�½}F�<���<�F!¥n8�·=tÊ<?Ó�>A@�<�FC{?<
tP«eMPF!�
¤U�¢�°ð Æ ÇZò�t�DÊ�e�w�°ð Æ Õïò�MP{?¥^>iÓ�>i¥m�Ë>A©st�BC©E<�D�Ó�<�@ÃBk�
�¹MP¶�F�<?¥�>i{�©s@C>AMP¶�FCtP©E¥�>i{�©
«¾t�D�MhFk�ÑtP«Ø¥^OC<�@C>A©E{\O}MPDE¶�<�©)D^<?ªpt�D�¥�<?@�OC<?D^<h8
ÍmF´MP@C@�>i¥�>it�F ¥�tÔ{?t��¹ªCMPD^>i©^t�FC©�u�>i¥^O�©^>i�¹ª�zA<2¥�<�©�¥Îª}MPD�¥�>i{�zA<L��t�@C<?zA©?He¥�OC<Ë@}Mh¥\M

À



MPDE< {?t��¹ªCMPD^<?@/¥�t�¥^OC<rªCDE<�@C>i{?¥�>it�FC©=tP«S¥�OC< ¤��)�w·¢|��¿{�t�@C<2ð Æ ÷ZòóHîu�OC>i{\O&O}MP©¢BJ<�<?F
��t�@�>i½}<?@§«¾t�D ·¢|�¤£»â¥�t¢ª�D^t�ªJ<�DEzi�§MnÓ�<?D�MP¶�<eªCzNMP©E��M)ª}MPD^MP�¹<¯¥�<?D^© toÓP<�DØ¥^OC<£DE<�zNMï¥�>iÓP<�za�
zAMPD^¶�<s¶h��DEt�D�Mh@C>A�C©?8£¤�OC<Ê¤��)�w·¢|���{�t�@C<ÊMP©^©E�C��<�©w{?t�FC©E<�DEÓhMh¥^>At�FLtP«Ï¥^OC<§��MP¶PFC<?¥^>A{
��t���<�F!¥wá 8w¤�OC<r©^MP��<rMPzi¶�t�D^>a¥�OC�Ì>A©w��©^<�@/¥^t�½C¥=¥�OC<ÊFC<���¥^D^t�F&©E>A¶�FCMPzA©)ªCD^<?@C>A{¯¥�<?@
B!�¹¤��)�w·¢|�� MP©e>i©Å��©^<�@Î«¾t�D�¥�O�<¢<¯¸�ªJ<�D^>i�¹<?F!¥\MPzJ@}Mh¥�M�Ò�¥^OC>A©Å�¹t�@C<?zJ¶P<�FC<?D�MPzizi�È¶�>aÓ�<�©
MPF2<Ä¸�{?<�zizA<�F!¥�½C¥�¥�t0¥^OC<�ªCD^<?@C>A{¯¥�<�@2¥�>i�¹<s<¯Ó�t�zi��¥�>it�FQ8
�Qä	�u�*�në��¾ç6�
ÍmF'M2¥�t�GïMP�¹MPG;HØ¥^OC<¹ª�D^t���ª�¥ÊzAt�©E©^<�©ÊtP«�BJ<nMP� >it�FC©§@C<�{?D^<nMh©^<�u�>a¥�OÃ>iFC{�DE<nMP©E>AFC¶

ªCzAMP©^�¹M�{?�CD^DE<�F!¥§Bp<?{nMP�C©E<0¥�OC<0ªJt�zAtP>A@}MPzU¶P��D^tPD�MP@C>i�C©¢@C<?{�DE<nMP©E<�©�8È¤�OC<?©^<ÈzAtP©^©^<?©§MPD^<
¶�DE<nMh¥^<�D�«¾t�D)ªp<?D^ªJ<�FC@C>i{��CzAMPD)>At�FC©�¥�OCMPF�«¾t�D)ª}MPD^MPzAzi<�zy>it�FC©�8�¤�O�<�©^< <¯¸�ªp<?{?¥^<�@&¥�DE<�FC@C©
MPDE<r<?Ó�>i@C<�F!¥�>AF/� >A¶C8îÇ�Hîu�O�>A{\O&©^O�tZu�©s¥^OC<0�¹<�MP©^��D^<�@&D^Mh¥�< tP«�D^>A©E<rtP«�¥�O�<rFC<���¥�D^tPF
©E>A¶�F}Mhz;MP©�M�«¾�CF�{?¥�>it�F�tP«QªCzAMP©^�¹Ms{��CDED^<?Fk¥�8S�w©�<¯¸�ªJ<�{?¥^<�@QH�¥�OC< ³ �C��ª¹>iF0¥�OC<)FC<���¥�D^tPF
©E>A¶�F}Mhz¢>A©2zNMhD^¶�<?DÑ«¾t�D2Bp<�MP� >AtPFC©2>AF ³ <?{?¥�<?@ ¥�MPFC¶�<?Fk¥^>NMPz=¥�t ¥�OC<
½}<�zi@�ºó|�t��CDE{�<��s¼
¥^O}MPF�«¾t�D�BJ<nMP�°>AtPFC©Å>iF ³ <�{¯¥�<?@ÎMh¥eM �¹tPD^<)ªp<?D^ªJ<�FC@C>i{��CzAMPDÅMPFC¶�zi<rºó|�t��CDE{�<s��¼Ä8Qº¾¤�OC>A©
@C>aµî<?D^<?FC{�<)>A©�MPzi©^t�<?Ó�>i@C<�F!¥Å>AFÈ¥�OC<�D�Mnu�©E>A¶�FCMPzC©^O�tZu�F�>AF�� >A¶�8 Æ ¼¯8Ø�w©�<¯¸�ªJ<�{?¥^<�@QH�¥�OC<
©E>A¶�F}MhzQ©E¥^D^<�F�¶P¥�OL>AFC{?D^<�MP©^<?©)u�>a¥�O2ªCzNMh©^�¹Mr{��CDED^<�F!¥)«¾t�D�MPzizQMPFC¶PzA<�©�th« >iF ³ <�{¯¥�>AtPFQ8
¤�OC<s©E{nMh¥E¥�<�D�th«y¥�OC<¢@CMh¥\Mr>iFÎ� >A¶�8�Ç >i©ezAMPD^¶�<h8��sFCtou�F2©^t��CDE{�<?©�tP«à<�DED^t�D£>iFC{�zi�C@C<

¥^OC<s«¾t�zAzitZu�>iFC¶C8
� :)FC{�<?DE¥�MP>AF!¥�>i<�©SMh©^©^t�{�>AMh¥�<?@0u�>i¥�Or½�¥^¥�>iFC¶¢¥�O�<�FC<���¥^D^t�FÈ@}Mï¥\Mw¥�ts¥^OC<��¹t�@C<?z�D^>i©^<
MhFC@2@C<�{�Mo�2<?�k�}Mh¥�>it�FC©)MPDE< ¦-Ân­!×Ñ8

� ¤�O�<§DE>A©E<§@�<�ªJ<�FC@C©)�CªJt�F2¥�OC<�@C<?��¥�<?D^>A��� @C<�F�©^>i¥m�wP2RZH�u�OC>A{\O�>i¥^©^<�za«U@C<�ªJ<�FC@�©
��ªpt�F�Bpth¥�O�¥^OC< <?zA<?{?¥�DEt�FË@�<�FC©E>i¥m��P[1=MPFC@fC;1EDFD�8�¤�OC<ÊD�MPF�@Ct�� <�DED^t�D=>AF2¥�OC<
¤�O�t��¹©Et�FË©E{nMh¥E¥�<?D^>AF�¶���<nMP©E�CD^<?�¹<?Fk¥^©wtP«Ï<�zA<?{?¥^D^t�F�@C<�FC©E>i¥m�L>A©�¥m��ªC>A{�MPzAza�2Ç�×ÑÒ
¥^OC<r©���©�¥�<?��Mh¥^>A{r<?D^DEt�Dw>i©w<�©�¥�>i��Mh¥^<�@&Mh©�¦O�Z×Ñ8�ÍmF
MP@C@C>a¥�>it�FQHJ�¹<�MP©^�CDE<���<�F!¥�©
MhD^</t�F�zi��MP{��k�C>iD^<�@´<¯Ó�<�D���ÂZ÷Ã��©�8#ÍmF�¥�OC<
MPFCMPzi��©^>i©�H�¥�OC<
MnÓP<�D�Mh¶�<&tP«�¥�OC<
@�<�FC©E>i¥m�L�¹<�MP©^��D^<���<�F!¥^©¢Bp<¯«¾t�D^<ÊMPFC@/Mh«ù¥�<?D)¥^OC< BCzi>AªL>A©)<���ªCzAto�P<�@/BC��¥wD^MPªC>A@
{\OCMPFC¶�<?©=>iFÎ@C<�FC©E>i¥m�2>iFk¥^D^t�@C�C{?<ÊMh@C@C>i¥^>At�FCMPzp<?D^DEt�D^©?8

� ¤�O�<cC�1GDHDw��<nMP©E�CD^<?�¹<?Fk¥Å>A©�MPF�MnÓ�<�D^MP¶�<)ÓPMhzA�C<h8Ï¤�OC<w��FC{�<?DE¥\Mh>AF!¥m��>A©�@C>���{?�Czi¥
¥^t0�k�}MPF!¥�>a«ù�ÑBC��¥){?t��CzA@ÎBJ<s©^��BC©E¥�MPF!¥�>NMhzX8SÍø¥�>A©�MhzA©^tÈMh©^©^���¹<?@2¥^O}Mh¥�{�MPD^BJt�F2>A©
¥^OC<w@�t��¹>iF}MPF!¥£>i�¹ª��CD^>a¥m�0©^t$P2R�Ý'P[1�ü�º�C;1EDHD0�'ÂZ¼EÝCºóÕ^�'ÂZ¼�BC��¥£¥^OC>A©Å��Mn��FCtP¥
MhziueMo��©�BJ<�¥^OC<�{nMP©E<P8

� ¤�O�< FC<?��¥�D^MPzØBJ<nMh�¹©�ue<?D^<rF�tP¥¢>iFC©E¥^D^�C��<�F!¥�<?@Ë¥�t¹�¹<�MP©^��D^<Ê¥^OC<Ê¥^>A��<�<?Ó�tPzA��²
¥^>At�FËtP«�¥�OC<ÈBJ<nMP� ªptouÅ<�D¢¥�O�D^t��C¶POCt���¥s¥^OC<0Bp<�MP� B�zA>Aª/Mh¥¢¥�O�<r¥�>A��<rtP«�¥^OC>A©
<Ä¸�ªp<?D^>A��<�F!¥�8eÉs<�F�<�D�MhzAzi�PH�¥^OC<�Bp<�MP�ÌÓ�tPzi¥\Mh¶�<§MPFC@2ªptouÅ<�D=MPD^<�t�F�zi�ÎMnÓhMP>izNMPBCzi<

Ç



«¾tPDÅM�©^>iFC¶�zi<�¥^>A��<�ªptP>AF!¥�@C�CD^>iFC¶�¥�OC<)BCzA>iªQ8U�wF!��ªptouÅ<�D0�C�C{?¥^�}Mh¥�>it�FC©�t�D�<�DED^t�D
>iFÑ¥�OC>i©�©^>AF�¶�zA<¢��<nMh©^�CDE<���<�F!¥){�t�F!¥�DE>ABC��¥�<�©�¥^t�¥^OC<�tZÓP<�D^MPzAzQ<?D^DEt�D�8

� ¤�O�<wD^<?zNMh¥^>iÓP<w<�DED^t�D�>AF¹¥�OC<=FC<���¥^D^t�F��¹<�MP©^�CDE<���<�F!¥�>i©Å©E��MPzizJMPFC@Ñ>i©Å>iFC{�zi�C@C<�@
>iF¢¥�OC<S½C¥E¥�>iFC¶��CFC{?<�DE¥�MP>AF!¥^>A<�©à¶�>aÓ�<?FÊMhBptoÓ�<h8��¢Fs¥�OC<�tP¥^OC<�DyOCMPFC@QHZ¥�OC<�MPB�©^t�zi��¥�<
<?D^DEt�D�>A©�<?©E¥�>i��Mï¥�<�@LMP© Æ ÇP× ð Æ ¬hòó8

�}t�D¢{?�CD^DE<�F!¥�©§MPBJtoÓ�<È­�8�ÇÎI��°MPFC@/½C<�zA@�©�MPBptoÓP<È­�8 Æ Ç�¤sHî¥�OC< FCt�D^�¹MPzi>���<?@/D^>i©^<
>iFÃFC<?��¥�DEt�F'D�Mh¥^<Ñ>A©Ê­�ß�¨�Â=Ö	­�ß�­PÀË«¾t�Dr|�t��CDE{�<Ñ�ÊHÏ­�ß Æ ¨�Ö	­�ß�­!÷L«¾t�Dr|�t��CDE{�<Îv=H MPF�@
­�ß Æ À¢Ö ­�ß�­!Ç¹«¾t�D�|�t��CD^{?<¹�w8Q¤�OC<�MPBC©Et�zA��¥^<r�¹MP¶�FC>a¥��C@C< tP«�¥�OC<ÈFCt�DE��MhzA>��?<�@�D^>A©E<0>A©
M/«�MP{¯¥�t�D0tP«¢¨ï²mÀ&©E��MhzAzA<?D ¥�OCMPF'¥�OC<L>A@C<�MPzeÓhMPzi�C<ÎtP«=�CFC>i¥m�P8 ¤�OC>A©È�¹Mo�ÃD^<F�}<�{¯¥ÑMPF
<?D^D^tPD£>AF�¥^OC<sMPB�©^t�zi��¥�<¢{�MPzA>iBCD�Mï¥�>AtPF¹tP«à¥^OC<¢FC<?��¥�DEt�F2@C<?¥^<�{?¥^t�D^©?8��wFCtP¥^OC<�DeªptP¥^<�F!¥�>AMPz
©Et��CD^{?<¹th«e<?D^D^tPD§>i©s¥�OC<�C�1GDHD¹��<nMP©E�CD^<?�¹<?F!¥nÒÏ>a«^C�1GDHD¹>i©�¨�8�­LD^Mh¥�OC<?Ds¥�O}MPF Â�8�¬�Hy¥�OC<
FCtPD^�¹MPzA>���<�@LD^>i©^<r>i©w>iFC{�DE<nMP©E<�@&B!�ËÀ�­!×Ñ8¢�wza¥�<�DEF}Mh¥^>iÓ�<?zi�PHJ¥^OC<r@C>i©^{�DE<�ª}MhFC{?�Ë��Mn�LBp<
{�MP�C©^<?@ËB!�2MPF�t���MhzAt��C©eªCD^t���ª�¥�zit�©^©E<�©�tP«U¥�OC<�BJ<nMP� >it�FC©?8
¤Ut0>AF!Ó�<?©E¥�>i¶!Mh¥^<�MPF!�Ñ<?µp<�{¯¥�©)MP©E©^t�{�>NMï¥�<�@Ñu�>a¥�OÑ¥^OC<¢zNMhD^¶�<¢BJ<nMh�È²ø>At�F¹¶P��D^t�D^MP@C>A��©�H

¥^OC<§¥^t�D^tP>A@}MPzp½}<�zi@�>i©�ÓhMPDE>A<?@LBJ<?¥muÅ<�<?F
­�8 Æ ÇZ²�­�8~ÇP­0¤s8}�=Fk�L©���©�¥�<?��Mh¥^>A{sÓhMPD^>AMh¥�>it�FÎ>AF
ªCDEt���ª�¥£zit�©^©E<�©£>i©et�BC©E{��CDE<�@LB!�¹¥^OC<¢D^<?zNMh¥^>iÓP<�zi��zAMPD^¶�<=©^{�Mh¥^¥^<�D£>iF�¥�OC<w@}Mh¥\M2º�� >A¶�8�Õ�¼¯8
xyt�©E©^<�© @C�C<�¥^tËFCt�F�²m{�tPFC©^<?DEÓhMh¥�>it�FÃth«�á�MPDE<���t�D^<�zA>iGP<�za�&¥�tËMPªCªJ<nMPD MP©rMPFÃ<?µp<�{?¥
t�FÎ¥^OC<s@C<�{�Mn�2D�Mh¥^<sBC��¥�FCt�©E��©E¥^<��¹Mh¥�>i{¢ÓhMPD^>AMh¥�>it�F�u�>i¥^OÑ¥�t�DEt�>A@CMPzp½}<?zA@2>A©�tPBC©^<?DEÓ�<?@
º�� >A¶C8Ï÷�¼¯8'¤�O�<�D^<2>i©ÈMPzA©Et�F�t�@�>iµp<�D^<?FC{�<2>iF @�<�{nMn� D^Mh¥�<Ñ«¾t�Dr¥^OC<2@C>iµp<�DE<�F!¥¹MPFC¶�zi<�©
tP«Å>AF ³ <�{?¥^>At�Fî8 ¤�OC<�D�Mh¥^>AtÎtP«�yFJÑ¥�tÎ¥�O�<�ª�D^<�@�>A{?¥^>At�F
tP«�¥�O�<r¥m��ª�>A{nMhza²mªCMPDE¥^>A{�zi< ��t�@�<�z
º����;8 Æ ¼ >i©ÎÂ�ßaÂoÕ Ö�­�ß Æ ÇË«¾t�DÈ|�tP�CD^{?<��ÊH£Â�ß�­�ÕrÖ�­�ßaÂZ÷Ë«¾t�D�|�t���D^{�<LvwHÏMPFC@¿Â�ß�­�ÇÊÖ
­�ß�¨!ÇÎ«¾t�DÊ|�t��CDE{�<Î�w8U¤�OC<?t�D^<¯¥�>A{�MPzAza��Hà¥�OC<¹@C<�{�Mn�ÃD^Mh¥�<�>A©§FCtP¥Ê<¯¸�ªJ<�{?¥^<�@Ô¥^tË@C<?ªp<?FC@
©E>A¶�FC>a½}{nMhFk¥^zi�0tPFÑ>AF ³ <?{?¥^>At�F�MPFC¶�zi<)>iFÑM DE<�¶�>i�¹<�u�OC<?D^<��etP�CzAt�� B�@CD^MP¶rt�F¹<�zA<?{?¥^D^t�FC©
ªCDE<�@CtP�¹>iF}Mh¥�<?©�H�©^>iFC{�<Îª�>i¥�{\O�²�MPFC¶PzA<Ñ©E{nMh¥E¥�<�DE>AFC¶
t�F!¥^t�zit�©^©0tPD^BC>a¥�©r>i©0FC<�¶�zi>A¶�>iBCzA<È«¾t�D
FC<�MPD^za�ÊMPzAzk>AF�>i¥�>AMPzAza�w{?t�F�½}F�<�@Èt�D^B�>i¥�©?8 ÍmFr{?t�F!¥�D^MP©E¥Ï¥^tw¥�O�<£D^>i©^<e>iFrFC<?��¥�DEt�F0<���>A©E©^>AtPFQH
¥^OC< @C<?{nMn�L¥�>A��<§>A©)>AF/¶�t�t�@ËMP¶PD^<�<?�¹<?F!¥wu�>i¥^OË¥�O�< ©^>i�¹ª�zA<�¥�OC<?t�D^<¯¥�>A{�MPzàªCD^<?@C>A{¯¥�>it�FQ8
¤�OC>i©w>i©=FCth¥w©E�CD^ªCDE>A©E>AFC¶��Å¥�OC>i©={?t��¹ªCMPD^>i©^t�F�@C<�ªJ<�FC@�©¢t�FCza�2t�FË¥�O�<{�o�F s¡T¢�£�¤T��{\O}MPFC¶�<
>iF�¥^OC<¹F�<���¥^D^t�FÔ©E>A¶�FCMPz)º¾u�OC>i{\OÔ>A©§MP{?{��CD^Mh¥�<?zi����<nMP©E�CD^<?@;¼§MhFC@Ãt�F�¥�OC<�¤�OCt���©^tPF
©E{nMh¥E¥�<�DE>AFC¶s��<nMh©^�CDE<���<�F!¥�©Ïth«>/21ÏMhFC@$P[1¯8 ÍmFÈ{�tPFk¥^D�MP©�¥nH�¥^OC<£{�tP�¹ª}MhD^>A©Et�FrtP«}¥^OC<�D^>i©^<
>iF2¥^OC<�©^>i¶�F}MPzîu�>a¥�OÎ¥�O�<�t�D��Î@C<�ªJ<�F�@C©wt�FÎ¥^OC<u¡|¥F¦�§' ©¨*¢Q�£{�MPzA>iBCD�Mh¥^>At�F�tP«Ø¥^OC<�FC<���¥�D^tPF
@C<¯¥�<?{?¥�tPD^©sMPF�@&t�F/@C<¯¥�<�DE�¹>iF}Mh¥^>At�F�tP«S¥�OC< @C<���¥^<�DE>A�C�±@C<�F�©^>i¥m�ËMPFC@ËFC<���¥^D�MPzØBp<�MP�
ª}MhD�MP��<?¥^<�D^©?8
¤�OC<�¶�t�t�@LMP¶PD^<�<?�¹<?F!¥�tP«Ø¥^OC<��¹<�MP©^��D^<�@L@C<?{nMn�Î¥�>i�¹<wu�>a¥�O2{�zAMP©^©E>A{�MPzà�et��Czit��rB

©E{nMh¥E¥�<�DE>AFC¶0¥^OC<�t�D��Î>A©�{?t�D^DEt�BJt�D�Mh¥^<�@2B!�2FC<���¥�D�MhzQª}MPD�¥�>A{?zA<s��<nMP©E�CD^<?�¹<?F!¥�©Êºó� >i¶C8C¬�¼¯8
�}t�D¢¥^OC<�©E<¹��<nMP©E�CD^<?�¹<?F!¥�©�Hà¥�O�<�MPFCMPzi�*��<?D¹ð Æ ÿZò�>A©�t�DE>A<�F!¥^<�@
¥�t2�¹<�MP©^��D^<0¥�OC<�©�Mh�¹<
¥�MPFC¶�<?FC{?�¹D�MP@�>A�C©�Mh©e>AF ³ <�{?¥^<�@ÎB!�2|�t��CD^{?<¢� 8�¤�OC<¢©Eªp<?{?¥�D^M0MPD^<wªCD^t�@C�C{?<�@ÎB!�ª�EªCMP©�²
©E>iÓ�<Z�/{\O}MPDE¶�<¯²ø<¯¸�{\O}MPF�¶�<ÑBJ<?¥muÅ<�<�FÔ¥^OC<ÑMh�rBC>A<?F!¥ FC<?��¥�D^MPz�@C<�FC©E>i¥m��ªCDEtP½}zA<¹MPFC@�¥�OC<

Õ



BJ<nMP��>At�FC©?H�©^t
¥�OC<2©^ªCMh¥�>AMPz£@C<?ªp<?FC@C<�F�{�<Ëth«=¥^OC<�©E>A¶�FCMPz£>A©0{?t���ªCzA>i{nMh¥^<�@Q8ÔÍø«=t�FC<
MP©E©^�C��<�©Ñ¥^O}Mh¥Ñ¥^OC</©E>A¶�F}Mhz=t�DE>A¶�>iF}Mh¥^<�©�ª�D^<�@�t��¹>iF}Mh¥^<�zi� >iF�¥�O�<&ªCzNMP©E��M�{�t�DE<PH�¥�OC<
<?FC<�DE¶P�Ã©EOCt��Czi@Ã@C<?{�DE<nMP©E<ÎMP©�] ü«]�¬;<¯¸�ªUº��K369V�E¼¯H u�OC<?D^<w369�>A©Ê<?ÓhMPzi�}Mh¥�<?@Ã�C©E>AFC¶
{?<�F!¥�D^MPzSÓPMhzA�C<?©ÊtP«0/[1§MPF�@­P[1¯8Ñ�=©Ê©EOCtou�FÔ>AFK� >A¶�8à¬�HU¥^OC>A©�©E>A��ªCzA<0<?©E¥�>i��Mï¥�<È>A©�>AF
¶�t�t�@2MP¶�D^<?<���<�F!¥�u�>i¥^O2¥^OC<��¹<�MP©^��D^<���<�F!¥�8�ÍmFLMP@�@C>i¥^>At�FQH�¥�OC<�@C<?{�<?zA<�D^Mh¥�>it�F2D�Mh¥^<s>A©
FC<�MPD^za�Ñ>i@C<�F!¥�>i{nMPzp«¾t�D)|�t��CDE{�<��#MPFC@2«¾t�D)|�t���D^{�<Ê�wH;MP©�<Ä¸�ªJ<�{¯¥�<?@Q8
¤�OC<rF�<���¥^D^t�F&@}Mï¥\MÑMPDE<rMPzi©^t¹{�t���ª}MPDE<�@Ë¥^t�¥�OC< ªCD^<?@C>A{¯¥�>AtPFC©=th«S¥�OC<r¤����¢·w|��

{?t�@C<hH�u�OC>A{\O0>iFC{�zi�C@C<?©ÏBp<�MP�#@C<�ªJt�©^>a¥�>it�Fr{nMhzA{���zNMh¥^>At�FC©?H�MnÓ�<?D�MP¶P>AFC¶stP«}¥^OC<)�et��Czit��rB
@CD^MP¶ toÓP<�DeªCMPDE¥^>A{�zi<=tPD^BC>a¥�©�H�MPF�@Ñ{\O}MPDE¶�<¯²ø<¯¸�{\O}MPFC¶P<¢zAt�©E©^<?©�8S¤�OC<¢DE<�©E�Czi¥^©eMPDE<w©E>A��>AzNMhD
¥^t2¥^OCt�©E<�tPB�¥\MP>iFC<�@&u�>a¥�O&¥�OC<0¥m��ªC>i{nMPz ²mª}MPD�¥�>i{�zA<Ê�¹t�@C<?z�ºó� >i¶C8Qÿ�¼¯80�wF!�&©���©E¥�<?��Mï¥�>A{
ÓhMPDE>NMh¥^>At�F
>AFKªCD^tP�¹ª�¥Ê{�tPF�½}FC<?�¹<?Fk¥Êu�>i¥^OÃ¥�t�DEt�>A@CMPzÏ½}<�zi@Ã>i©Êt�B�©^{���D^<�@'B!��¥�OC<¹D^<?za²
Mh¥^>iÓP<�zi�
zAMPD^¶P<�©E{nMh¥E¥�<?D tP«£¥^OC<�DE<�©E�Czi¥^©�82¤�OC<�D^Mh¥�>it�@�t�<?© FCtP¥§ÓhMPDE��©���©�¥�<?��Mh¥^>A{�MPzAza�
u�>a¥�O
¥\MPFC¶P<�FC{¯�
D�MP@C>i�C©st�D�ªCzAMP©^�¹MÎ{��CDED^<�F!¥�H >AF�@C>A{�Mh¥�>iFC¶�¥�OCMh¥§¤��)�w·¢|��	©E�C{�{?<�©^©�²
«¾�Czizi�)��t�@C<?zA©î¥^OC<�ªCD^>iFC{�>iª}MPzZÓhMPD^>AMh¥�>it�FC©yMP©E©^t�{�>AMh¥�<?@¢u�>i¥�Os¥^OC<SBp<�MP�0²m>AtPF¢@CD^>a«ù¥yt�DEBC>i¥^©�8
¤�OC<§MnÓ�<?D�MP¶P<ÊD^Mh¥�>it0>A©�Õ�­)Ö Æ ¨�×Î8
¤�OC<Î��<nMP©E�CD^<?@'@C<�{�Mn�Ô¥�>i�¹<�>A©Ê>AFÔ<Ä¸�{?<�zizA<�F!¥�MP¶PD^<�<?�¹<?F!¥ru�>i¥^OÃ¥�OC<Î¤����¢·w|��

ªCDE<�@C>i{?¥^>At�FC©0ºó� >i¶C8ØÂn­!¼¯8�ºó�}t�D=@C<�{�Mo�Ë¥�>A��<�©=¥�O}Mh¥sMPD^<0©EOCt�DE¥¢{�t���ª}MPDE<�@&¥�tÑ¥^OC<0@C��²
D^Mh¥�>it�F'tP«�¥�OC<2BCzi>AªQHÏ¥^OC<2MP¶�DE<�<?�¹<?Fk¥È>i©0ªpt�t�DE<�DrBC��¥�¥^OC<Î��<nMP©E�CD^<?�¹<?Fk¥^©�MPD^<Îzi<�©^©
DE<�zA>AMPBCzi<P8�¼K¤�OC<ÈFCt�DE��MPzi>��?<�@&@C<?{nMn�&¥�>i�¹<r@�<�{�DE<nMP©E<�©Ê©^zA>i¶�O!¥�za��u�>a¥�O
>AFC{?D^<�MP©^>iFC¶2@C<¯²
{�Mo�Î¥^>A��<P8�¤�OC>i©){?t��Czi@�>iFC@C>A{�Mh¥�<s©Et���<§@�<?Ó�>NMh¥^>At�FÎ«¾DEt�� {�zAMP©^©E>A{�MPzyBp<?O}MnÓ�>At�D�t�F2¥�OC<
¥^>A��<�©^{�MPzA<�tP«à¦ Æ ­Ê��©�8Ï¤Utr�k�}MPF!¥^>i«ù�0¥�O�>A©�<?µp<�{?¥�HCMP©E©^�C��<¢M�¥m��ªC>A{�MPzpªCMPDE¥^>A{�zi<�O}MP©£M
{?t�F�½}FC<?�¹<?F!¥=¥^>A��<¢tP«®yZ¯\8��=Mï¥�OC<?D�¥^O}MPFLD^<?��MP>iFC>AF�¶ÈMh¥)M�{?t�FC©�¥\MPF!¥)ÓPMhzA�C<stP«Ø�CFC>a¥m��H
¥^OC<ÅF�t�D^�¹MPzA>���<?@s@C<�{�Mo��¥^>A��<S>A©yFCtou'<Ä¸�ªJ<�{¯¥�<?@r¥�t)@C<�{?D^<nMh©^<£Mh©eðñÂT°¹ÂZÝCº Æ ß�ÕP¨|3'9[yZ¯�¼�ò!g�h¯8
¤�OC<ÈBJ<�©�¥s½C¥�¥�tÑ¥�O�<�@CMh¥\MÑ>iFK�Ø>A¶C8UÂo­Î>A��ªCzA>i<�©=MPF
<?µp<�{¯¥�>iÓP<È{�t�F�½CFC<���<�F!¥�¥�>i�¹<rth«
¦-Âo­P­È��©�8
q¢>ADE<�{¯¥wBJ<nMP�0²m>it�FLzAt�©E©^<�©)¥�t�¥^OC< tP��¥�<?D=ÓhMP{����C�±ÓP<�©E©^<�zØu£MPzizUMPD^<Ê�¹<�MP©^�CDE<�@&B!�

M ©E<?¥�th«y«¾t�>Azi©�¥^O}Mh¥�MP{¯¥�MP©£�JMhD�MP@}Mn��{���ªC©§ðÁ¨P­hòX8SÍmFÎ©Et���<w{nMh©^<�©?HCªJt�©^>a¥�>iÓP<w{?�CD^DE<�F!¥�>A©
��<nMP©E�CD^<?@/@C�CDE>AFC¶È¥�O�< BJ<nMP�4BCzi>AªQÒ}FCt�@C<?¥^<�{?¥�MPBCzi<Ê{?�CD^DE<�F!¥s>A©)t�BC©E<�D�Ó�<�@
Mï«ù¥�<�D=MPF!�
tP« ¥�OC<§Bp<�MP�4BCzA>iªC©�8£7´O�<�F/{?�CD^DE<�F!¥¢>i©=@C<¯¥�<?{?¥�<?@QHî>a¥w>i©�zNMPDE¶�<�©�¥wt�FL¥�OC<§«¾t�>AzQ¥^O}Mh¥=>A©
{?zAt�©E<�©E¥s¥^tÑ¥�OC<0ª�zNMP©E��M&º�ôúüÌÂ�ß�Õ�Â0��¼wMPFC@&>i©¢©^�¹MPzAzi<�D=t�F/¥�OC<r«¾tP>AzA©wMh¥�ôúüÌÂPß�Õ�¨
MPF�@ ÂP8�Õ�ÕÑ�L8§¤ØtLMPF}Mhzi�*��<r¥^OC<0@}Mh¥�M�Hî¥�O�<0©^>A¶PF}MPzA©¢MPD^<0>iFk¥^<�¶�D^Mh¥�<?@&toÓ�<�Ds¥^OC<0Bp<�MP�
ªC��zA©^<�¥�t�t�B�¥\Mh>AFK¥^OC<¹¥^tP¥\MhzÅ{?t�zAzi<�{?¥^<�@K{\O}MPD^¶P<P8Ë¤�O�<�{�tPD^D^<?zNMh¥^>At�F�tP«�¥^OC<�@C<¯¥�<?{?¥�<?@
{\O}MhD^¶�<wu�>a¥�OÑth¥�OC<?DeªCzAMP©^�¹MÊª}MhD�MP��<?¥^<�D^©£MPFC@�u�>a¥�O�¥^OC<¢FC<?��¥�DEt�FÎ�¹<�MP©^��D^<���<�F!¥^©£>A©
ÓP<�DE�LuÅ<nMPG;Òp¥^OC< ©�¥�DEt�FC¶�<?©E¥¢@�<�ªJ<�FC@C<?FC{�>i<�©sMhD^< ©EOCtou�F/>AFË� >A¶�8yÂ�Â�8��ÏÓ�>A@C<?Fk¥^zi�PHpzit�©E¥
BJ<nMP�°>it�FC©e@�trFCtP¥�DE<�zi>NMPBCza�0>AF!¥^<�D^©E<�{¯¥£¥�OC<=Ó�<�©E©^<?zîu£MhzAzpMh¥e¥^OC<¢ªJt�zAt�>i@}MPz}zit�{�Mh¥�>it�F¹th«
¥^OC<§�JMhD�MP@}Mn��{��CªC©?8
±àä��ÊépæUì|��ë��ní¾éJæ��

÷



�}t�D¹MPzAz£¥^OCD^<?<Ë>AF ³ <�{?¥^>At�F�MPFC¶�zi<�©?He¥�OC<�ªCD^tP�¹ª�¥�{?t�F�½}FC<?�¹<?F!¥Î>A©�@C<�¶PD�MP@C<?@�«¾t�D
{?�CD^DE<�F!¥�©�Bp<?zAtou ­�8~Ç
I��ÊH�MP©È<¯¸�ªp<?{?¥^<�@Q8â¤�OC<�<¯µî<?{?¥¹>A©0©�¥�D^tPFC¶�<�©�¥¹«¾tPDr¥�OC<2��t�©E¥
ªJ<�DEªp<?FC@C>A{?�CzNMhD�>AF ³ <?{?¥�>it�F2MPFC¶PzA<PHCMP©�<¯¸�ªp<?{?¥^<�@Q8
¤�OC<¢�¹MP¶�F�>i¥���@C<=th«y¥�OC< ³ �C�¹ª�>AF�F�<���¥^D^t�FÎ<?�¹>i©^©^>it�F�>i©Å©E��MhzAzA<?D�¥^O}MPFÑ<Ä¸�ªp<?{?¥�<?@

«¾t�D MPzAz�>iF ³ <�{¯¥�>AtPF'MPFC¶�zi<�© MPFC@ÔÓhMPzA��<�© th«�ªpt�zit�>A@CMPz�MPFC@Ã¥^t�D^t�>i@}MPz�½}<�zi@Q8/�=zA©^t�H ¥�OC<
©E{nMh¥E¥�<�D0>iFÔ¥�OC<ÎF�<���¥^D^t�F ³ �C��ª'@}Mh¥�M/>A©rzAMPD^¶P<�D ¥^O}MPF'<¯¸�ªJ<�{¯¥�<�@âB}MP©E<�@ t�F'GkFCtou�F
�CF�{�<�D�¥\MP>iF!¥�>A<?©�8Ï¤�O�<wªJ<�DEÓhMP©E>iÓP<=F}Mï¥��CDE<=tP«î¥�OC>i©�@�>A©^{?D^<?ª}MPFC{¯�¹©E�C¶�¶�<?©E¥^©£MÊ@�>NMP¶�F�t�©E¥^>A{
<?D^D^tPD£>AF�¥^OC<sFC<?��¥�DEt�FÎD�Mh¥^<PHC>iF�¥�O�<sBp<�MP� ªCMPD�MP��<?¥^<�DE©�H�tPD£>AFwC�1GDHD!8S�wza¥�<?D^F}Mh¥^>iÓP<�zi�PH
zAMPD^¶�<w�CFC<¯¸�ªJ<�{¯¥�<�@ËªCD^t���ª�¥�zit�©^©E<�©�t�FLMr¥�>A��<�©E{nMPzi<s�r�C{\OL©^OCtPDE¥�<?D�¥�O}MPF
Â§�¹©��¹Mn�
BJ<�t�{?{��CDED^>AF�¶C8
ÍmF�{�t�F!¥�D^MP©E¥�HU¥^OC<È¥�<���ªJt�D�MPz <?Ó�tPzA��¥^>At�F
tP«�¥�OC<�FC<?��¥�DEt�FK©E>A¶�FCMPzÏ>A©�>iF�<Ä¸�{�<�zizA<?Fk¥

MP¶PD^<�<?�¹<?F!¥ u�>i¥^OÃ¥�O�<�<¯¸�ªJ<�{¯¥\Mh¥^>At�FC©ÊtP«�{�zAMP©^©E>A{�MPzS¥�OC<?t�DE�P8/�wF!�K@C<�zAMo�P<�@Ôzit�©^©E<�©rth«
>iFC>i¥^>NMPzizi�/{?t�F�½}F�<�@ Bp<�MP��>it�FC©0MPDE<Î©^�¹MPzAzwº Þ¦ ÂZÇ�×È¼Êt�F M Æ ­Z²m��©Ê¥�>i�¹<?©^{�MPzA<h8K¤�OC<
¶�t�t�@&MP¶�DE<�<���<�F!¥�BJ<?¥muÅ<�<?FK¥�O�<0�¹<�MP©^�CDE<�@
@C<?{nMn�/¥�>i�¹< MPFC@K�et��Czit��rB&©E{nMh¥E¥�<�DE>AFC¶
¥^OC<�t�D�� {�t�F�½}D^��©�¥^OC<�MP{�{?�CD�MP{¯� tP«w¥^OC<�¤�O�t��¹©Et�F�©E{nMh¥E¥�<?D^>AF�¶Ã��<nMP©E�CD^<?�¹<?Fk¥^©¹th«
{?<�F!¥�D^MPzV/[1�MhFC@�P21?8
IËMPF!�¹·¢|�¤£»	ªCzAMP©^�¹MP©�O}MnÓ�<¢��F���©^�}MPzizi�ÈOC>i¶�OÈÓPMhzA�C<?©ÅtP«Q>At�FÈ¥�<?�¹ªJ<�D^Mh¥��CDE<rð9¨�Â¯òX8

¤�OC<�¶�t�t�@�MP¶�D^<?<���<�F!¥àBJ<?¥muÅ<�<�F§¥�OC<S��<nMh©^�CDE<�@§@C<�{�Mo�¢D�Mh¥^<�©UMPFC@�{�zAMP©^©E>A{�MPzk�et��Czit��rB
©E{nMh¥E¥�<�DE>AFC¶Ê¥�OC<?t�DE�¹©^�C¶P¶�<�©�¥�©£¥�OCMh¥£¥�O�<¢{�t�F�½}FC<�@2BJ<nMP�°>it�FC©�MPDE<=¥^D�MPFC©�«¾<�DED^>AF�¶ ¥�OC<?>AD
<?FC<�DE¶P�Ñ¥�t�<�zi<�{¯¥�D^tPFC©�H;MP©�<Ä¸�ªp<?{?¥�<?@Q8
|�¥�Mh¥�>i©E¥�>i{nMPzizi�)©^>i¶�FC>a½}{nMPF!¥yÓhMPDE>NMh¥^>At�FC©î>AF�<�>a¥�OC<?DUª�D^t���ª�¥àt�Dà@C<?zNMn��<?@ {�tPF�½}FC<?�¹<?Fk¥

u�>a¥�O§Ú�Û¹Ü0ÝPÜ MPD^<ÅMPBC©E<�F!¥Ø>AF�¥�OC<?©^<e@CMh¥\M�8Ø��<�{�<?F!¥ ¥�O�<�t�DE<?¥�>i{nMPzk©�¥��C@C>i<�©eð�Ç�HZÕ�Hh÷�HZ¬�Hïÿhò
ªCDE<�@C>i{?¥�D^<�@��C{?¥^>At�FC©¹¥�O}Mh¥ÑMPD^<�©^�¹MPzAzi<�DÈ¥�O}MhF�¥�OC<Ë<¯¸�ªp<?D^>i�¹<?Fk¥�MPz)�CFC{�<?DE¥�MP>AF!¥m�â©^tCH
MPza¥�OCtP�C¶�O�¥�OC>i©ØDE<�©^��zi¥Ø>A©à{�t�F�©^>A©�¥�<?Fk¥ u�>i¥�O�¥�O�<�t�D���H�>a¥Ø@�t�<?©ØFCth¥ {?t�FC©E¥^>i¥^��¥�<eM=D^>i¶�t�DEt��C©
¥^<�©E¥)tP«U¥�O�<§ª�D^<�@�>A{?¥^>At�F�©�8
�wza¥�OCtP�C¶�O,��>AF�t�D�@�>A©^DE�Cª�¥^>At�FC©�@Ct�@C<?¶�D�Mh@C<K¥^OC<ÔBJ<nMP�0²m>it�F {?t�F�½}F�<���<�F!¥nHÊ>i¥

©E<�<���©w��FCzA>iGP<�za�Î¥�O}Mï¥wzitZu£²X«¾D^<?����<�FC{¯�&IË:=q�MPDE< D^<?©^ªJt�FC©E>ABCzi<§«¾t�D�¥�O�< @C>i©^{�DE<�ª}MhFC{?�
>iF2¥^OC<�FC<���¥�D^tPFËD�Mï¥�<§MPFC@2¥�OC<�zAMPD^¶�<s©E{nMh¥E¥�<?D)>iFL¥^OC<�@}Mh¥�M�8�¤�OC<Êzi<?ÓP<�zàtP«ÏIË:wq�MP{¯²
¥^>iÓ�>i¥m��>AF2¥�OC<ÊMPF}MPza�*��<�@L@}Mh¥�M�>i©)Mh¥=M��r��{\OËzAtouÅ<�D�zA<¯Ó�<?zà¥^O}MPFL@C<�¶PD�MP@C<?©wBJ<nMP�0²m>it�F
{?t�F�½}FC<?�¹<?F!¥ >iFÃM2{�t�F!ÓP<�F!¥�>it�F}MPzS¥�tPGhMh��MPG;8¹I�t�DE<�toÓ�<?D�HÏ>iFC{�zi�C©^>it�F&tP«eBp<�MP�ÐBCzA>iªC©
¥�MPGP<?Fr@C�CDE>AFC¶)©E¥^D^t�FC¶P<�D�º¾BC��¥Ø©E¥^>AzAz!zitou=¼UI�:wq�MP{¯¥�>aÓ�>a¥m��@Ct�<�© F�tP¥ ©E>A¶�F�>i½}{�MPF!¥�zi�sMPzi¥^<�D
¥^OC<�D^<�©E�Czi¥^©�ªCD^<?©^<�F!¥^<�@/>iFL|�<�{h8p¨�8
�}��¥���D^<�uet�DEG0©^OCtP�CzA@�«¾t�{?�C©ÅtPF¹�CF�@C<�DE©E¥\MhFC@C>AF�¶Ê¥�O�<=©Et��CD^{?<wtP«p¥�OC<)@C>i©^{�DE<�ª}MhFC{?�

>iFLF�<���¥^D^t�FLD�Mh¥^<�MPFC@2¥�OC<�zAMPD^¶�<=ÓPMhD^>NMhBC>Azi>i¥m��>AFÎ¥�O�<§©E>A¶�FCMPzîzi<?Ó�<?zA©?8
�u��²�³v´<µ·¶��K¸f¹u�cº»�c³,#$¼
¤�OC<§MP©E©^>A©�¥\MPF�{�<�tP«à¥�OC<§·w|�¤£»�¥�<nMh�Ì>A©e¶�D�Mh¥^<?«¾�Czizi��MP{\GkFCtou�zA<?@C¶�<�@î8Å¤�OC>i©£uetPD^G

ueMP©�«¾�CFC@C<?@ËB!�Ñ¥^OC<<:Ê8�|p8;q¢<�ª}MhDE¥���<�F!¥)tP« �SFC<�DE¶P��8

¬



½·¾K¿T¾cÀ�¾cÁÃÂ�¾KÄ

ðñÂ�ò§:=��Í�qsve�)Í�·��ÈHk7�8!7�8�MPFC@2|��wqsxà����H�ÉÈ8*+�8aHU·=�C{?zX8��}�C©^>it�F ��± º�Âoÿ�ÿPÀ!¼�Çh¨!Ç�8
ð Æ òÊI�Í��	����xU|���·ÊH)qr8���8iH�7¿:=Ím¤���H)�§8£vw8iH=�K�����w|JH��§84+�8aHw<¯¥LMPzX8aHÅ��O!��©�8

�SzNMh©^�¹MP© ± º�Ânÿ�ÿ!÷�¼e¨PÕ�Õ!÷�8
ð9¨hò§�)��q¢Í\H�IK8s:§8iH0q��¢�)�^��7�H¢qr8�|p8aHr��É���q)�wx�Hc+�8iH$�s�®Æs��Hs|p8�IK8aHrMPF�@
7¿:)Ím¤���H���8Øvw8iH�{nMhzA{���zNMh¥^>At�FC©§tP«)FC<?��¥�D^MPzeBJ<nMP� >AtPFÔ{�t�F�½}FC<���<�F!¥0«¾t�D§¥�OC<
F}Mï¥�>AtPF}MPzQ©EªCOC<�DE>A{�MPzQ¥�t�DE�C©�<¯¸�ªJ<�D^>i�¹<?F!¥nH Æ ­�­ Æ HS�;��|p8

ð ÀPò<����xà��|�·)Í��£:w��·����0H�Æ08;Í\8aHJI��¢�£�£:w��·����0H;®r8p|p8aH;MPFC@L7¿:=Ím¤���HJ�§8;v=8iH
�SO!��©�82��zAMP©^�¹MP©�ÇKº Æ ­�­�ÂZ¼£¨�ÂnÀ!¨�8

ðÁÇïò����§���=|pHQ��8[+�8iHp�K�;����xSHîx�8î�w8aHà�e�¢�^�sxy�¢·§HV�U8QÉ08iHJ<?¥sMPzX8aHw·)�C{�zó8î�}�C©E>At�F
±2� º Æ ­�­ Æ ¼)Â Æ�Æ 8

ð9ÕhòÊ�e�w�=xU|C|��s·§H[+�8aH;�SO!��©?8[�SzAMP©^�¹MP©4ÇÔº Æ ­�­�Âo¼ÅÀk÷ Æ Ç�8
ðÁ÷ïò<����xà��|�·)Í��£:w��·����0H�Æ08;Í\8aHC7¿:=Ím¤���Hp�§8}v=8iHJMPFC@zÆ��K����®¢��·��K�rH�Æ08C® 8iH

�SO!��©�82��zAMP©^�¹MP©�ÈKº Æ ­�­ Æ ¼ Æ Õ�¨�ÿ�8
ð9¬hòKÆ����K��®¢��·��K�rH�Æ08}® 8iHÉ����xà��|�·)Í��£:w��·����0H�Æ08}Í\8aHJMPFC@27¿:=Ím¤���HJ�§8;v=8iH
xàMP¶�D^MPFC¶�>AMPFr@C<?©^{?D^>Aª�¥�>AtPF�th«pF�t�F}MP@C>AMPB}Mh¥^>A{Åª}MPDE¥^>A{?zA<£��tP¥�>it�Fr>iF0©^ªCOC<?D^>i{nMPz�¥^t�D^>óH
¤U<�{\OCF�>A{nMhzÊ��<�ªJt�D�¥w�;����xî²�¨�÷�Â Æ H���DE>AFC{?<?¥^t�FÊ��zAMP©^�¹M��SO!��©E>A{?©ËxàMPBJt�D�Mï¥�t�D���H
Æ ­P­ Æ 8

ð9ÿhò§��É���q��¢xSHX+�8aH��)��q¢Í\H�IK8k:Ê8aH�q��¢�)�^��7�H�qr8!|p8iH�MPFC@{�s�®Æ���H�|p8�IK8aH"��O!��©�8
�SzNMh©^�¹MP© ãÌË º Æ ­P­�¨!¼Å©E�CBC��>i¥^¥^<�@Q8

ðñÂo­hòKÆ��à®��s���§|�ÍÍ+�HJ®r8;� 8aHîq��¢�)�^��7�Hîqr8aHQÉ<�sx���v�������q�Îq�K�rHC® 8ÉÆr8iHJ<?¥¢MPzX8aH
·)�C{�zó8;�;��©^>AtPF ±[� º Æ ­�­ Æ ¼wÂ Æ Âo­�8

ðñÂ�Â�ò§:=��Í�qsve�)Í�·��ÈH;7�8;7�8iH[��Í�I�HV+�8aHQMPF�@
É§������v£·=���§Hp�§82+�8aH¢·)�C{�zó8p�}�C©E>At�F
� ÇÔº�Âoÿ�¬�¬!¼)Âo¬�ÿ!÷�8

ðñÂ Æ ò§:=��Í�qsve�)Í�·��ÈHU7�8Ø7�8aHÏ��O!��©�8��ØzA�C>i@C© v � º�Âoÿ�ÿ�­!¼sÀCH
ªCDE<�ªCDE>AF!¥0>AFÔÉ���²m�
Âoÿ�÷P­�ÿ�HC�=�C¶��C©�¥§Âoÿ�¬�ÿ�8

ðñÂo¨hò§:=��Í�qsve�)Í�·��ÈHS7�8Ï7�8aH£ve�w�=·=��|pHÅ�w8�7�8aH£:)�sI/I���¤�¤sHeÉ08Ï7�8iHÅ<?¥�MPzX8aH
�SO!��©�8p� zA�C>i@C©^Ð � º�Âoÿ�ÿ�ÂZ¼£¨�ÂoÕ!÷�8

ÿ



ðñÂnÀPò§��:w|��K��®rH}��8aHC:=��Í�qsve�)Í�·��ÈH�7�8�7�8aHCMhFC@2v�:wqs·^Æ0H��§8�®r8aH ·)�C{�zó8��}�C©E>At�F
�ÉÑ º�Âoÿ�ÿ!Ç�¼)Âo­�ÿ�ÿ�8

ðñÂZÇïò�¤��sveÍm¤U� H��08iHL¤Ø�w·=Í\H@�08iHË·=Í�|�:)Ím¤Ø�w·=Í\H�¤s8iHË·=�)És�s|�:)Í�I�� H@�08aHËMPF�@
�	:¢|��sI��ÊH�Ær8iH�·)�C{�zó8;�}�C©^>it�F ��± º�ÂoÿPÿPÀk¼wÂo­�ÿ�÷�8

ðñÂoÕhò�Í�|��sv£��H�IK8aHk¤���vÅÍm¤Ø�ÊHÌ�È8aH�·=Í�|�:)Ím¤Ø�w·=Í\Hk¤s8aHX�	:w|��sI��ÊHTÆ08aH�MPFC@�|��s|����rH
IK8aH�·=�C{?zX8;�}�C©E>At�F �2Ò º�Âoÿ�ÿ!÷�¼�À!¨!÷�8

ðñÂZ÷ïò§��:w|��K��®rHÅ��8iHev�:wqs·^Æ0H��§8Ï® 8iH�I/����:w·=��HÅqr8��w8aH£<?¥�MPzX8aH��SO!��©?8e��<?ÓJ8
xy<?¥E¥n8>Ç � º�Âoÿ�ÿ�ÿ!¼Åÿ Æ ÀC8

ðñÂo¬hò�Í�|��sv£��H�IK8aH�|��¢|����rHkIK8aH*�	�s�¢I,:w��� Hk|J8iH!<¯¥�MPzX8aH;·=�C{?zX8!�}�C©E>At�F ±Øã º Æ ­P­�ÂZ¼
Â Æ ÷P¨�8

ðñÂoÿhò§xà��v£xy�¢·w�wHÏvw8��Ø8aHSv£��xàxSH ��8 ��8aH;+|�s:w·w|��s·ÊHØqr8à7�8aHÏ<¯¥0MPzó8iH��)<¯ÓJ8S|�{?>X8
ÍmFC©�¥�DE�C��8 Ò�� º Æ ­�­�¨�¼Å>AF2ªCDE<�©^©?8

ð Æ ­hòO��HSÓ�>A©^>iBCzA<wBCD^<?�¹©E©E¥�D^MPOCzi�CFC¶ÈD^<¯«¾<�D^<?FC{�<h8
ð Æ Â�òÊ|�¤����)�£:=�w·ÊH®+�8àqr8iHØ�^�sxà��|�¤������ÈH��U8ØxS8aHUq)�à®¢Í�|pHU|J8ØxS8aHà<?¥ÊMPzX8aH¹·=�C{?zX8

�}�C©E>At�F �yã º�Ânÿ�¬�ÂZ¼eÕ�÷�8
ð Æ�Æ ò�¤���:=v£·=Í�����® Hkvw8P�Ê8iHVÓ4�F¤�£E�FÔÕ§�Ö0×0 s¡'¦FØ@¡K×�Ù*Ú�¦F£EÛa¦¯HPÓPt�zA�C��<¢Â�Hp�et�F�©^�Cza¥\MPF!¥�©

ve��D^<nMh�QH;·=<¯uÜÆ�t�D^G;HyÂoÿPÕ!Ç�8
ð Æ ¨hò§v^�	�c�0HÏqr8SxS8aHÕÝ�Ó�ÞÜ×% s¡'¦FØ@¡fß�§'�HØ$¨* s¡T�HÚhHÃ·wMnÓhMPz£��<�©E<nMPDE{\O�xàMPBJt�D�Mï¥�t�D���H

7ÃMP©^O�>AFC¶P¥^t�FQH}qr8��w8aHyÂoÿ�ÿ�­�8
ð Æ ÀPòÊIË��·)�¢�)qrH*+�8k��8aH�v£��xàx�H�I�8kÉÈ8aH�v£��xàx�H��§8k��8aH�<¯¥�MPzX8aH º Æ ­�­P¨!¼¯HJÍm�¢�S� Æ ­�­ Æ

ª}Mhªp<?D�8
ð Æ Çïòs7à�s·¢É0HÉ�È8 ²�xS8aH;�SzNMP©E��M$�SO!��©�8î�et�F!¥�D^tPzAzA<?@2�}�C©^>it�F ±Øã º�Âoÿ�ÿPÿ!¼e��Â�8
ð Æ Õhò§�Ï�)��qs�)Í����§|��s·§HS��8Sqr8iH�É<�s�=��xà��·�����®rHÏ·Ê8aH£�£:=��·wÉÈHS�w8;á 8iH�<¯¥�MPzX8aH

�SO!��©�8p�)<¯Óp8;xy<¯¥^¥n8>Ç Ò º Æ ­�­�ÂZ¼wÂnÀkÇP­P­�Â�8
ð Æ ÷ïò§v�:=qs·4ÆrH;�§8�® 8iH�·)�C{�zó8}�}�C©^>it�F ��± º�Âoÿ�ÿhÀk¼=Â Æ À!÷�8
ð Æ ¬hò§�^�	âc:w��If�s�)��HJ�Ê8}xS8}<?¥=MPzó8iHS·)<���¥^D^t�FL@C>AMP¶�FCt�©�¥�>i{¢D^<¯«¾<�D^<?FC{�<h8
ð Æ ÿhòÊIË��qsxà�®Æ0Hh|p8ï|p8ZMhFC@r�^�	âc:w��If�s�)��Ho� 8ZxS8iH���<?ÓJ8h|�{�>ó8nÍmFC©E¥^D^�C�L8BãÉÈÑº�ÂoÿPÿ�¬!¼

Æ Õ�Ç�Â�8

Âo­



ð9¨�­hò§q��¢�)�^��7�HUqr8Ø|p8aH ve��xàxSHU�§8aH�+|�s:=·¢|��s·ÊHUqr8Q7�8aH <¯¥rMPzó8iHÑ�)<¯Óp8Ø|�{?>X8àÍmF�²
©�¥�D^����8 Ò�� º Æ ­�­�Âo¼�÷P¬PÀC8

ð9¨�Â�ò§xà��v£xy�¢·w�wHpv=8É�Ø8}<?¥)MhzX8aHSÍm�¢�S� Æ ­�­ Æ ª}MPªJ<�D?8

Â�Â



R (m)

z 
(m

)





Plasma

C

A

B




Neutral

Beams




(a)

(b)

� >i¶��CDE<ÊÂ�8)º�M!¼Å�Szi<?ÓhMh¥�>it�FÑtP«U·w|�¤£»�©EOCtou�>AFC¶r¥^OC<¢ÓhMP{�{?�C�
ÓP<�©E©^<�z�ºù¥�OC>i{\G¹zi>AFC<n¼¯Hk¥�OC<
ªCDEt ³ <�{¯¥�>it�FÑtP«ØMPFÑtPD^BC>a¥£tP«UMPF2¬P­ï²mGh<?®�@C<?��¥�<?D^>i�C� >it�F
º¾©^t�zi>A@�zi>AFC<n¼¯H�MPFC@Î©Et��¹<��}��¸
©E�CDE«�MP{?<�© º�@}Mh©^OC<?@ËzA>iFC<�©�¼Å«¾t�D�t�FC<§tP«U¥�OC<�<Ä¸�ªJ<�DE>A��<�F!¥\Mhzy<��k�C>Azi>ABCDE>NM�8�º�B;¼^�SzNMPFÎÓ�>A<¯u
tP« ·¢|�¤£»�©EOCtou�>AFC¶È¥�O�<ÊMhFC¶�zA<?©�tP«Ø>AF ³ <?{?¥�>it�F2tP«U¥�OC<s¥�O�D^<�<�FC<?��¥�D^MPzyBJ<nMP� ©Et��CDE{�<�©?8

Â Æ



NEUTRONS (1012/s)

PINJ (MW)

0

1

2

Ip (MA)

Te (keV)

ne (1020 m-3)

B

C C
C

A

A A

0

0
ä

.8

1.6

105753

0
å

.30

0
å

0
å

.2

0
å

.4

0
å

.6

0
å

.10 0
å

.15 0
å

.20 0
å

.25

� >i¶��CD^< Æ 8��SzNMh©^�¹MÑ{��CDED^<�F!¥�HU{?t�D^<È<?zA<�{¯¥�DEt�F/¥�<?�¹ªJ<�D^Mh¥��CDE<ÈMPFC@
@C<?FC©^>a¥m��HàBp<�MP�
ªJtoue<?D�H�MPFC@�FC<���¥^D^t�F¹D�Mh¥^<)«¾tPD�M�¥m��ªC>i{nMPz;@C>i©^{\O}MPDE¶�<P8 ¤�OC<wzi<?¥^¥^<�DE©�toÓP<�D�¥�OC<)FC<���¥�D^tPF
¥^D�MP{?<§>iFC@C>i{nMh¥^<w¥�OC<�BJ<nMP�Ì©^t��CDE{�<h8

Âo¨



N
E

U
T

R
O

N
S

 (
10

12
/s

)

TIME (s)

Exponential decay

as beam ions thermalize

~ Nb nd <σv>




0
æ

0
æ

.6

1.2

1.8

0
æ

.23 0
æ

.24 0
æ

.25 0
æ

.26 0
æ

.27

� >i¶��CD^<�¨�8Lq¢<¯¥\MP>izStP«e¥^OC<�FC<?��¥�DEt�FÔ©E>A¶�F}Mhz�«¾tPD�¥^OC<�@�>A©^{\OCMPD^¶�<¹tP«��Ø>A¶C8 Æ 82¤�OC<
©E�¹t�tP¥�OÎzi>AFC<?©�MPD^<s¥^OC<s½C¥^¥^<�@L{��CD�Ó�<�©=B}MP©E<�@Lt�FL¥^OC<��¹t�@C<?zî<��k�}Mï¥�>AtPFC©�8

ÂnÀ



TIME (ms)

N
E

U
T

R
O

N
 R

AT
E

 (
10

12
 n

/s
)

M
A

G
N

E
T

IC
S

  (
a.

u.
)

Ip~1.0 MA

105750

� >i¶��CD^<§ÀC8Èº�M!¼ LÜ�ç¢©^>i¶�F}MPzà«¾D^t��±M�ª�D^t�BJ<r��t��CF!¥�<?@/FC<nMhDw¥�OC< t���¥�<?D=ueMPzAzó8w¤�OC<
ªCzAMP©^�¹M0{��CDED^<?Fk¥=>A©=MPzi©^tÈ©^OCtou�FQ8§º¾B;¼�·=<?��¥�DEt�FË©E>A¶�F}MhzX8�¤�OC<Ê©E�¹t�tP¥^O�zi>AFC<?©=MhD^<s¥�OC<
½C¥E¥�<?@�{?�CDEÓP<�©wBCMP©^<?@�t�F2¥�O�<§��t�@C<�zp<��k�}Mh¥^>At�FC©?8

ÂZÇ



A
è

B
C

PLASMA CURRENT (MA)

N
O

R
M

A
LI

Z
E

D
 R

IS
E

� >i¶��CD^<§Ç�8£I�<�MP©^��D^<�@ËD�Mh¥^<§th«Ï>AF�{�D^<�MP©^<�tP«Ø¥�OC<�FC<?��¥�DEt�FË©E>A¶�FCMPzQ@C>aÓ�>i@C<�@LB!�Î¥�OC<
>i@C<nMPzyD^Mh¥�<Ñºó�S�;8ØÂo¼£Ó�©?8�Ié� «¾t�D)MPzAzyBJ<nMh�±B�zA>Aª�©�u�>a¥�O��CFC@C<¯¥�<�{¯¥\MPB�zA<0I�:wq�MP{¯¥�>aÓ�>a¥m�
MPF�@ÎÜ�êÃë�­�ß�¨§¤s8�¤�OC<w©E���rBJt�zA©Å@C<�FCth¥�<w¥^OC<sMPFC¶PzA<wth«yBp<�MP�
>AF ³ <?{?¥�>it�FQ8Ø¤�OC<s<�DED^t�D
B}MhD^©sMPDE< @C<?D^>aÓ�<�@&«¾DEt��4<�©E¥^>A�¹Mh¥�<?©wtP«S¥^OC<r�CF�{�<�D�¥\MP>iF!¥�>A<?©¢>AFL¥�OC< �¹t�@C<�zà½C¥�MhFC@/>AF
¥^OC<Ê@�<���¥^<�D^>i�C�4@C<�F�©^>i¥m�P8�¤�OC< {?�CDEÓP<�©sMPDE<§«¾DEt�� ªJt�zi��FCt���>NMhzîzA<�MP©E¥�²m©E���CMPD^<?©=½C¥^©=¥�t
¥^OC<�@}Mh¥\M�8

ÂoÕ



0.3 0.2 0.15 0.12
A
ì

DIABATIC PARAMETER

TOROIDAL FIELD (T)

N
O

R
M

A
LI

Z
E

D
 R

IS
E

A
ì

B
C

� >i¶��CD^<�Õ�8£I�<�MP©^��D^<�@ËD�Mh¥^<§th«Ï>AF�{�D^<�MP©^<�tP«Ø¥�OC<�FC<?��¥�DEt�FË©E>A¶�FCMPzQ@C>aÓ�>i@C<�@LB!�Î¥�OC<
>i@C<nMPzJD�Mï¥�<Èº����;8pÂZ¼�Ó�©�8�Ü�êL«¾t�DeMPzAz;BJ<nMP� BCzA>iªC©�u�>a¥�OÎ�CF�@C<?¥^<�{?¥�MPBCzi<�IË:wq�MP{¯¥�>aÓ�>a¥m�
MPF�@$I��}ë�­�ß�ÇsI�� 8�¤�O�<�©E���rBJt�zA©Ï@�<�FCtP¥^<£¥�OC<�MhFC¶�zA<ÅtP«JBp<�MP�#>AF ³ <?{?¥�>it�FQ8Ø¤�OC<�<�DED^t�D
B}MhD^©sMPDE< @C<?D^>aÓ�<�@&«¾DEt��4<�©E¥^>A�¹Mh¥�<?©wtP«S¥^OC<r�CF�{�<�D�¥\MP>iF!¥�>A<?©¢>AFL¥�OC< �¹t�@C<�zà½C¥�MhFC@/>AF
¥^OC<�@C<���¥^<�DE>A�C� @�<�FC©E>i¥m��8�¤�OC<��Cª�ªp<?D=MZ¸�>i©�>A©£¥�O�<ÊMhªCªCD^tn¸�>A�¹Mh¥^<wÓhMPzA�C<sth« Ú�Û�Ü0ÝPÜ�8

ÂZ÷



A
í

B
C

TOROIDAL FIELD (T)

N
O

R
M

A
LI

Z
E

D
 D

E
C

AY



0.3 0.2 0.15 0.12 0.1
ADIABATIC PARAMETER

� >i¶��CD^<&÷�8°I�<�MP©^�CDE<�@ FC<���¥^D^t�F¿@C<?{nMn��¥�>i�¹<�yZJ @C>aÓ�>A@C<?@¿B!��¥^OC<
{�zAMP©^©E>A{nMhzAzi�
<Ä¸�ªJ<�{¯¥�<?@�@C<?{nMn�'¥�>i�¹<
º��S�J8 Æ ¼ÊÓ�©?8 Ü�ê�«¾tPDÈMPzAzÅBp<�MP��BCzi>AªC©ru�>a¥�O �CFC@�<?¥�<?{?¥�MPBCzA<
IË:=q°MP{?¥^>iÓ�>i¥m�P8§¤�O�<�©����rBptPzA©¢@C<?FCtP¥^<r¥�OC<ÈMPF�¶�zA<ÊtP«�Bp<�MP� >iF ³ <�{¯¥�>AtPFQ8s¤�OC<È<�DED^t�D
B}MhD^©sMPDE< @C<?D^>aÓ�<�@&«¾DEt��4<�©E¥^>A�¹Mh¥�<?©wtP«S¥^OC<r�CF�{�<�D�¥\MP>iF!¥�>A<?©¢>AFL¥�OC< �¹t�@C<�zà½C¥�MhFC@/>AF
¥^OC<¹{?zNMP©E©^>i{nMPzS@C<?{�<?zA<�D^Mh¥�>it�F
D�Mh¥^<P8¹¤�OC<��Cª�ªp<?D Mï¸�>i©§>i©s¥�OC<¹MPªCªCDEtn¸�>i��Mï¥�<rÓhMPzA��<�th«
Ú�Û�Ü0ÝPÜ�8

Âo¬



4
î
6

8

4
ï
6

8

10

4

6

8

10

4

6

8

10

4
î
6

8

10

6

8

20          40          60          80 20          40          60          80
ENERGY (keV) ENERGY (keV)

F
LU

X
 (

a.
u.

)
F

LU
X

 (
a.

u.
)

F
LU

X
 (

a.
u.

)




0
ð

 ms

4
ñ

 ms

6
ò

 ms 16 ms

14 ms

10 ms
Simple

Theory

105754+55

� >i¶��CD^<£¬�8Ï·)<���¥^D�MPz��C��¸0Ó�©�8Ï<?FC<�DE¶P�ÈMh¥SÓhMPDE>At���© ¥�>i�¹<?©ÏMh«ù¥^<�DÏ¥�O�<�<�FC@�tP«pM¢Bp<�MP�
BCzi>AªQ8�¤�OC<2@}Mh¥�M
MPD^<Ñ¥^OC<2©^�C�%th«=¥muÅt
FCt���>AF}MPzizi�
>i@C<�F!¥�>i{nMPzeBCzA>iªC©�8K¤�OC<LMPD^DEtZu�©
>iFC@C>A{�Mh¥�<r¥^OC<�{�zNMh©^©^>i{nMPzizi��ªCD^<?@C>A{¯¥�<?@ÃªJ<nMPG/th«e¥�O�<¹@C>i©E¥^D^>AB���¥�>it�F&�C©^>iFC¶L{�t�DE<�ÓhMPzi�C<�©
tP«�/[1)MPF�@,P[1¯8)|�t���D^{�<Ê� HÉI��§ü�­�ßÁÀ!¬¹I�� HJÜ�ê/ü�­�ß�¨�ÿÈ¤sH>P21�öúÂ�ß�Ç@eÔÂo­ h)j {�� g*j H
/21�ö	­�ß�¨ÈGh<?® 8

Âoÿ



A
B
C
ó

TOROIDAL FIELD (T)

N
O

R
M

A
LI

Z
E

D
 F

LU
X

N
O

R
M

A
LI

Z
E

D
 F

LU
X

PLASMA CURRENT (MA)

(a)

(b)

� >i¶��CD^<�ÿ�8£I�<�MP©^��D^<�@ËD�Mh¥^<§th«Ï>AF�{�D^<�MP©^<�tP«Ø¥�OC<�FC<?��¥�DEt�FË©E>A¶�FCMPzQ@C>aÓ�>i@C<�@LB!�Î¥�OC<
¤����¢·w|��-ªCDE<�@C>i{?¥�>it�F'Ó�©�8 ºóM!¼rÜ4ê�MPF�@	º¾B;¼}I��2«¾t�DÈMPzizeBJ<nMP�%B�zA>Aª�© u�>i¥^O ��FC@C<¯²
¥^<�{?¥�MPBCzi<§IË:wq�MP{?¥^>iÓ�>i¥m�P8S¤�OC<�©E���rBJt�zA©�@C<?FCtP¥^<§¥^OC<§MPFC¶�zi<¢tP«ÏBJ<nMh�Ì>AF ³ <�{?¥^>At�Fî8

Æ ­



TRANSP DECAY TIME (ms)

N
O

R
M

A
LI

Z
E

D
 D

E
C

AY
A
B
C

� >i¶��CD^<
Âo­�8¿I�<nMP©E�CD^<?@�FC<���¥�D^tPF�@C<?{nMn�â¥^>A��<zyZJ�@C>aÓ�>i@C<�@âB!� ¥^OC<Ë¤����¢·w|��
ªCDE<�@C>i{?¥^>At�FÎÓ�©�8S¥�O�<§¤����¢·w|���ªCDE<�@C>i{?¥�>it�FÎ«¾t�D�MPzizQBp<�MP� BCzi>AªC©Åu�>i¥�OL�CFC@�<?¥�<?{?¥�MPBCzA<
IË:=q°MP{?¥^>iÓ�>i¥m�P8§¤�O�<�©����rBptPzA©¢@C<?FCtP¥^<r¥�OC<ÈMPF�¶�zA<ÊtP«�Bp<�MP� >iF ³ <�{¯¥�>AtPFQ8s¤�OC<È<�DED^t�D
B}MhD^©sMPDE< @C<?D^>aÓ�<�@&«¾DEt��4<�©E¥^>A�¹Mh¥�<?©wtP«S¥^OC<r�CF�{�<�D�¥\MP>iF!¥�>A<?©¢>AFL¥�OC< �¹t�@C<�zà½C¥�MhFC@/>AF
¥^OC<È{�zNMh©^©^>i{nMPz @C<�{?<�zA<?D�Mh¥^>At�F
D^Mh¥�<h8¹¤�OC<È@}Mh©^OC<?@ÃzA>iFC<0>A©¢¥^OC<ÈBp<?©E¥ÊzA>iFC<nMPD=½C¥�¥�tÎ¥�OC<
@}Mï¥\Mru�>i¥^OL@�<�{nMn�Î¥^>A��<�©�yFJôëÕ��N�p�=��!8

Æ Â



O
U

T
E

R
 G

A
P

 (
cm

)

PLASMA CURRENT (MA)

No Charge
Charge > 0

õ®ö�÷~ø�ù�ú�û~û~ü®ý®þTù�þTÿ�ú��oúZùÏ©^ª�þ�� ú£«��~ù��2ú þTÿ	�Gö
����

��©E©���ú��oú������~ù���þ��aþXü�����ú4þ���©�� öi©^©�þ
öi©����fþ���������ú��~ù���ö���þ���úzöA©�����úw÷|þhª �>ú!�#"0ú ú!�$����ú�
 þh©%�%�&��
���©�ú!�('�ø*) ©�ø�ù�«)þ�� ú�þ��+�
����ú-,Bþ��Zø�ø�ÿ.,~ú?©^©�ú!
Eü0/=©�ø�þ�


21�34���0�5��þBù�÷~ú�öA©6��ú!��ú��!��ú��7��ø�ù�ö
��÷fþ8�>ú þBÿ9�+
�öAª$:#;=<Fü
����ú	�oùéö þ���÷�
�ú?©Kö
����ö
� þ=�oú���
�öAªC©>"?��úZù�ú@�5��þTùé÷~úôöA©A��ú!��ú����oú��B34"4ö2���C����úÈ©%1*ÿD�E��
S©éö
F ú
ª�ù%��ªE�~ù%��ö
����þ�
4���HGI�T÷*JLKM�P«N����ú���ú!�oú!�!��ú��O�5��þTù�÷TúTüP����úôþTù�ù%�Q"�©	ö�����ö
� þ��oú6����þ=�>����ú
�~ø*�oú ù^÷~þPª�úR)*� ú ú!�C©¢¨P­	�Zÿ�ü

S�S


