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ì�p;8Ï·gÞUô�ý@ÝN<+�níR» ñ���¼-ÞUô�ý@ÞUîlî`ç�ö��Ïï�ö©æ�áÛô�ÞUô2��ö�ì��
5¯<�ÞUô-ý�5�ò þ ö©ð!�eö©ïVàÜóBö©ôPî`æVíf» ñ � ¼YÚ0,�ô@ß¯áÛî`ç^�©ÞUæ�ö©æ�%
ç�á<ë ö"�Ûö©ïr%U�2| óBö©æ�áÛô�æ8ÞUï�ö@ô�áÛî�î`ç�ö@áÛô-ø åÀ��áÛôiî`ï<à ß
��î�à áÛôÔî`áÔó@à ðJà ô
��%;�2b�óBö©æ�áÛô�æ8ÞÛø æ�ác��áÛôPî`ïVà ß
��î`ö@î`á
î`ç�ö�à ôiî`ö"�Ûï<ÞUî`ö3ý ó@à ðJà ô
� ï<ÞUî`ö3Úº8tæZÞ8ï�ö©æ���ø îy%�£0|Ôà æ ô,áÛî ý,à ï�ö$��î�ø å/óBö3ÞUæm��ï<ÞUß�ø ö$%�ÞUô-ý(î`ç�ö ó�ö3ÞUæ���ï�ö3ý
°y��ÞUôiî�à îYå £ à æNÞUô�Þ��Ûö©ï<Þ �ÛöNá,õ-î`ç�öº�2|üÞUô�ý��2b óBö©æ�áÛô�æ à ôiî`ö"�Ûï<ÞUî`ö3ýaâ�ó@à ðJà ô
�,Ú¡*nç,öÞ��Ûö©ï<Þ �Ûö ó\à ð¯à ô
�
��ÞUïVÞÛóBö©î`ö©ï�à æcï�ö3øÜÞUî`ö3ý î`á�£2|�î`ç,ï�á��
�Ûç0%

£��gf�|�£0| ø f�b½£0b t ì�ÛÚ�Ûí
ë�ç,ö©ï�ö7f�|NÞUô-ýhf�b§ÞUï�ö¦î`ç,ö\õbï<Þ���î�à áÛô,æcá,õ��2| í b à ôZß ß ýÛö$�©Þ`åiæ�%�ÞUô�ý�£2bU�®���Üú³Ú

8tæ§ÞÛø ï�ö3ÞÛýÛå�æ�î�ÞUî`ö3ý
%�� b áÛær�©àÜøÜøÜÞUî�à áÛô�æ¦ÞUï�ö�î`áPágï<Þ ��àÜýtî`á¦ß¯ö�æ�î���ý,à ö3ý à ôÞäî�àÜóBö©â�à ôiî`ö"�Ûï<ÞUî`ö3ý�ó@ÞUô�ô�ö©ï�G
áÛô�ø å�ÞUô�ÞÛø åiæ�ö©æcëcç�à��5ç ö©ð!��ø á,à î§î`ç�ö&��â�óBö©æ�áÛô��,ï�á��¯ö©ï�î�àÜóBö8à ô�õ áÛï<ó@ÞUî�à áÛô ÞUï�ö¦æ�ö©ô�æVà î�à �Ûö¦î`á^k+l\bUÚ
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�nà ����ï�ö�ÛÚÜ·�G ±³���íÔ��]Õ¢���FÕ¢�<�Y�u�g�ji<���a�U¨lk��������miV�����u��ª���£Ü���-¬�nc����ª��>Õ>Õ¢�<�Y�������-£Ü���<¡��Y���po�«rq Ó�s  e�]Õ�Õ����i���������¢�<���

j Ì½Á�ÂÃÆÃÆÒÇ,»½ÂÃ¾,º � ÕiÇ�Ì½À-¼<Õ!� ÕiºJ»
Jäæ��©àÜøÜøÜÞUî�à áÛô1ó�ö3ÞUæ���ï�ö3óBö©ôiî`æÞÛàÜó ÞUî ï�ö$��áÛô,æ�î`ï��0��î�à ô
��î`ç,öL�,ï�á��̄ ö©ï�î�àÜó�ö ý�à æ�î`ï<à ß
�,î�à áÛôwá,õf�2} ó�ö©æ�áÛô
ýaö$�©Þ`åiæ�æ�ç�á<ë�ôüà ôüò;°iÚ½ÙÛÚÜÙ��ÛÚN*,á ýÛá�æ�á�%eó�áÛï�öBö©ð.�̄ ö©ï<àÜóBö©ôiî�ÞÛø¯à ô�õ áÛï<ó@ÞUî�à áÛô áÛôNî`ç�ö@ýaö$�©Þ`å8î`ç�ÞUô à ôNî`ç�ö
�©ÞUæ�ö¦á,õ�î�àÜóBö©â�à ôiî`ö"�Ûï<ÞUî`ö3ý óBö3ÞUæ���ï�ö3óBö©ôPî`æ�à æcô�ö©ö3ýaö3ý,Ú

�nà ï�æ�îy%lî`ç�öO��ï�á��̄ ö©ï�î�àÜóBö á,õ³î`ç,ö��0}�ýaö$�©Þ�åÔæ�î���ý�à ö3ý(ô�ö©ö3ýaæ î`á�ß¯öüýaö©î`ö©ï<ó\à ô�ö3ý
%�ÞÛø î`ç�á����Ûç1à îZà æ
ô�áÛî�ÞW°y��ÞUôPî�à î�å/ý�à ï�ö$��î�ø å óBö3ÞUæ���ïVÞUß�ø ö3Ú\,�ô�ýaö©ö3ý�% à îO�©ÞUô áÛô�ø åüß¯ö(à ô�õ ö©ï�ï�ö3ýÔõbï�á,ó{î�ë á à ô�ýaö"�̄ ö©ô�ýÛö©ôPî
óBö3ÞUæ���ï�ö3óBö©ôPî`ær%Dûuí¦î`ç�ö ýaö$�©Þ�å ø ö©ô
�Ûî`çut�%-µ�Ï�³yÏÄ%lî`ç,öÔý�à æ�î�ÞUô0��öZá,õ;>-à �ÛçPî@ß¯ö3õ áÛï�ö ýaö$�©Þ�å'É�ÞUô�ýºû¨ûuí¦î`ç�ö
óBá,óBö©ôiî���ó ÷ á,õäî`ç�öÆ�0} óBö©æ�áÛô2ÉtßeáÛî`ç óBö3ÞUæ��,ï�ö3ý�à ô î`ç�ö øÜÞUß¯áÛï<ÞUî`áÛï�å ï�ö©æ�î�õbïVÞÛóBö3Ú *nç�ö©æ�ö(îYë�á
óBö3ÞUæ���ï�ö3óBö©ôPî`æ�ÞUï�ö8ýaö©æ���ïVà ßeö3ý à ô��aö$��î�à áÛôÀÛÚÜ·ÛÚÜ·ÛÚ

,�î�à æ�ÞÛø æ�á8ô�ö$��ö©æ�æ<ÞUï�å�î`á ýaö©î`ö©ï<ó@à ô,ö8àÜõ�î`ç�ö8óBö©æ�áÛôáÛæ��©àÜøÜøÜÞUî`ö3ý8áÛïcô�áÛî�ÚR*,á@î`ç�à æcö©ô-ý
%Dî`ç�ö¦ß,âm°¾��ÞUï�é
>�Þ��Ûá��,ïgìÒß áÛï ß�í-á,õêî`ç�ö&�2} óBö©æ�áÛô ç-ÞUæ�î`á ßeö@ýaö©î`ö©ïVó@à ô�ö3ý�ß¯áÛî`çüÞUîT��ï�áJý(�0��î�à áÛô ì`à ô�à î�àÜÞÛøDæ�î�ÞUî`ö3í�ÞUô�ý
ýaö$�©Þ`åüì�/�ô-ÞÛøiæ�î�ÞUî`ö3í�É�àÜõ-àÜýaö©ôiî�à��©ÞÛø�%êî`ç�ögö"�Ûö©ôPîÏà æ�øÜÞUß¯ö3øÜø ö3ýZÞUæH�,ô�ó@à ðiö3ý
%̄ ÞUô�ý ÞUæ�ó@à ðiö3ý áÛî`ç,ö©ï�ë�à æ�ö3Ú�,�ô
�Ûö©ô�ö©ï<ÞÛø�%�î`ç�ö�ÞUô�ÞÛø åiæ<à æ�ö"�Ûö©ôiîlæ�ö3ø ö$��î�à áÛôüà ælæ�î`ï�áÛô
�,ø å ýaö©î`ö©ï<ó@à ô,ö3ýBßPå�î`ç�ö�î`ö$� ç�ô�à�°y��öN��æ�ö3ý\õbáÛïlî`ç,öT/�ô�ÞÛø
æ�î�ÞUî`öK>�Þ��Ûá���ï�ýÛö©î`ö©ï<ó@à ô�ÞUî�à áÛô�Úf< ö©î�ÞÛàÜø æÏÞUï�öz�,à �Ûö©ôwà ôc�aö$��î�à áÛôÀÛÚÜ·ÛÚÜÙÛÚ

*nç�ö���ï�á��̄ ö©ï¦î�àÜóBö�ÞUô�ýZî`ç�ö(ó\à ðPö3ý
{ �,ô�ó@à ðiö3ýÔøÜÞUß¯ö3ø�ÞUï�ö8î`ç�ö�îYë�á*ó@ÞÛà ôc�-à ö$��ö©æ�á,õcà ô�õbáÛïVó@ÞUî�à áÛô
ô�ö©ö3ýaö3ý õbáÛï ÞUô áÛæ��©àÜøÜøÜÞUî�à áÛô óBö3ÞUæ��,ï�ö3óBö©ôiîy%�ÞUô�ý�ë�á���øÜý Þ���î��-ÞÛøÜø å*ßeöZî`ç�ö áÛô�ø å*ô�ö©ö3ýÛö3ý à ô1Þ\�
��ï�ö



Ä�Ä �BÑ��lÕi¼VÂ��ÔÕPºJ»�Ç�ÆäÐ×Õi»½Ê-¾J¿

æ<ÞÛó-��ø ö§á,õ0�2bcìÒáÛïz�2|DíäóBö©æ�áÛô�æ<ÚT:�á�ë�ö"�Ûö©ï�%Dæ��0� çM�
��ï�ötæ<ÞÛó+��ø ö©æK�©ÞUô�ô,áÛî�ßeö à æ�á,øÜÞUî`ö3ý ÞUîäî`ç�ö��iâ5ß¯áÛæ�áÛô
�¯á,ø öäáÛï§ÞUî³î`ç�öT� ����á,øÜøÜàÜýÛö©ï�æ<ÚI�(��ï�î`ç,ö©ïlæ�ö3ø ö$��î�à áÛô(óH��æ�î³ß¯öI�¯ö©ï<õ áÛï<óBö3ý§î`á\à æ�á,øÜÞUî`ö�ÞUætóN�0� çZÞUæD�¯áÛæ�æ<à ß�ø ö
î`ç�ögé¯à ô�ý�á,õ�ö"�Ûö©ôiî`æ@ýaö©æ<à ï�ö3ý�ÚH�aá,óBö¦á,õ�î`ç�ö8ó�áÛæ�îg��á,ó@óBáÛô Þ �
��ï�á,Þ�� ç�ö©æ�õ áÛïcæVà �Ûô�ÞÛøDö©ô�ï<à�� ç�óBö©ôiî�ÞUô�ý
ß�Þ�� é.�Ûï�á���ô�ýÏö"�êÞÛø ��ÞUî�à áÛô*ÞUï�ö-�,à �Ûö©ô à ô��aö$��î�à áÛô�ÛÚÜ·ÛÚ�ÛÚ

8 ø î`ç�á��
�Ûç áÛæ��©àÜøÜøÜÞUî�à áÛôÔæ�î���ý�à ö©æ@ÞUï�ö ýaáÛô�ö õ áÛï�ßeáÛî`çÆ�2|ÞUô��2bgóBö©æ�áÛô,ætæ�åPæ�î`ö3ó�æ�%�î`ç�ö�áÛær�©àÜøÜøÜÞUî�à áÛô
õ ï�ö$°y��ö©ô0��å¡k+l\| ÞUô�ý^k+l\b�ÞUï�ögá,õ³ý�à #eö©ï�ö©ôiî§ö©ô,á��
�Ûçwó@Þ �Ûô-à î���ýaö�î`á\ï�ö©ô�ýÛö©ïcî`ç�ö�ö©ð.�¯ö©ï<àÜóBö©ôiî�ÞÛø,éÛö©å
à æ�æm��ö©æNà ô ß¯áÛî`ç®�©ÞUæ�ö©æ�°y��à î`öüý�à #�ö©ï�ö©ôPî�ÚÆ*,á àÜøÜø �,æ�î`ï<ÞUî`ö î`ç�à æQ�¯á,à ôPîy%³î`ç�ö��,ï�á��¯ö©ï�î�àÜóBöüý�à æ�î`ï<à ß
��î�à áÛô�æ
ö©ð!�¯ö$��î`ö3ý8à ô�ß¯áÛî`çW�©ÞUæ�ö©æ¦ÞUï�öR��ï�ö©æ�ö©ôiî`ö3ý�à ôW�nà �,Ú'ÛÚÜÙÛÚ2,�ô�î`ç�ö��©ÞUæ�ö§á,õ��2|�áÛæ��©àÜøÜøÜÞUî�à áÛô,æ�%iî`ç�ö õbï�ö$°y��ö©ô0��å$%

Bd
v      ∆md

v  = 0.487 ps-1
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Bsw      ∆msw  = 17 ps-1

b)
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�nà ����ï�ö�ÛÚÜÙ�G �����<�P�u���Y��¡B�¦�������������������¢�<� £Ü���§¡B��Öa���yx�����¡B�>Öa��� ¬ n �����Z¬zJä¡B�������3�p��P�FÕ�Õ-ª��3�{i<�¦���OÕ����§£Ü���
���3¡t�>Öa���Ï���3�����<�Y�����Ï£Ü���³¡B�>ÖV�u�Ï�ji��u�a�Y�©�

ÞÛø ï�ö3ÞÛýÛå óBö3ÞUæ���ï�ö3ý ë�à î`ç��Ûáiá¯ý Þ��"����ï<Þ���å$%cà æ�æVó@ÞÛøÜøÜÚ\8tæ à îNà æÏæ�ç,á�ë�ô��nà �,ÚVÛÚÜÙÛÞ�%³î`ç�ö��,ï�á��¯ö©ïgî�àÜóBö
ý�à æ�î`ï<à ß
��î�à áÛô¦ö©ð!�¯ö$��î`ö3ýgõ áÛï�ó@à ðiö3ýgÞUô-ýT��ô�ó\à ðPö3ý�ö"�Ûö©ôiî`æN�©ÞUôgß¯ö§ý�à æ�ö©ôiî�ÞUô
�,ø ö3ýcö"�Ûö©ôgë�à î`çNÞcóBáJýaö©ï<ÞUî`ö
��ï�á��eö©ïtî�àÜóBöÏï�ö©æ�á,ø �,î�à áÛô ìÒîYå!��à��©ÞÛø'�êÞÛø ��ö©æ�á,õJî`ç,ö��,ï�á��¯ö©ï§î�àÜóBö ï�ö©æ�á,ø ��î�à áÛô Þ��5ç-à ö"�Ûö3ý ÞUî�5�ò þ�ÞUï�öÏá,õ
î`ç�ö áÛïVýaö©ï¦á,õV����u��æ�%�ÞÛø ï�ö3ÞÛýaå ö©ð'��ö3øÜø ö©ôiî�õ áÛï¦î`ç�ÞUîK����ï��¯áÛæ�ö3í`ÚM�aáÛïL�2b�óBö©æ�áÛô�æ�%Jç�á�ë�ö"�Ûö©ï�%�î`ç�ö@ï<Þ ��àÜý
áÛæ��©àÜøÜøÜÞUî�à áÛô õbï�ö$°¾��ö©ô2��å8ì`õbáÛïcàÜøÜø �,æ�î`ï<ÞUî�à áÛô�k+l\bV��· � ��æ ��� à ænî�ÞUéÛö©ô�íló@ÞUéÛö©æ³î`ç,ö�ÞUô-ÞÛø åPæ<à æH��á,ó-��øÜà��©ÞUî`ö3ý
ÞUô�ý\ï�ö©ô�ýÛö©ï�æcî`ç�ö���ï�á��¯ö©ïtî�àÜóBö�ï�ö©æ�á,ø ��î�à áÛô6��ï��2�©àÜÞÛøÜÚ�*³ç�ö�ý�à æ�î`ï<à ß
��î�à áÛô�ætæ�ç�á<ë�ô*à ôÆ�nà �,Ú�ÛÚÜÙ�ï�ö3õ ö©ï§î`á
î`ç�ö ö©ð!�¯ö$��î�ÞUî�à áÛô�æ(à ô î`ç�ö��©ÞUæ�ö á,õ;�¯ö©ï<õbö$��îZó\à ðPö3ý
{ �,ô�ó@à ðiö3ý*øÜÞUßeö3øÜøÜà ô��,Ú�n ç�ö©ô î`ç�ö ö©ð.�¯ö©ï<àÜó�ö©ôPî�ÞÛø
��ô2��ö©ï�î�ÞÛà ôPî�å�áÛô î`ç-à æ§øÜÞUß¯ö3øÜøÜà ô
�\à æ³î�ÞUéÛö©ôà ôiî`á8Þ��"��á���ôiîy%Ûî`ç�ö¦ý�à #eö©ï�ö©ô0��ö�ß¯ö©îYë�ö©ö©ôó@à ðiö3ý ÞUô�ýR��ô-ó@à ðPö3ý
��ï�á��eö©ï î�àÜóBö ý�à æ�î`ï<à ß
�,î�à áÛô�æBà æ¦ý�àÜø �,î`ö3ý�Ú08 �2bnáÛæ��©àÜøÜøÜÞUî�à áÛôÔõ ï�ö$°¾�,ö©ô0��åZóBö3ÞUæ���ï�ö3óBö©ôPîy%Pô�ö"�Ûö©ï¦Þ�� ç�à ö"�Ûö3ý
åÛö©îy%�ï�ö$°y��à ï�ö©æ ö©ð���ö3øÜø ö©ôPî���ï�á��¯ö©ï î�àÜóBö ï�ö©æ�á,ø �,î�à áÛô×ÞUæ@ë�ö3øÜø�ÞUæ��Ûö©ï�å��ÛáPáJýº�¯ö©ï<õ áÛï<ó@ÞUô0��öüà ô�>-Þ��Ûá���ï
î�Þ ���,à ô
�,Ú

8 øÜøêî`ç,ö�à ô
�Ûï�ö3ý,à ö©ôPî`ætá,õ�æ��0�5ç*ÞUôZáÛær�©àÜøÜøÜÞUî�à áÛô ÞUô�ÞÛø åPæVà æÏÞUï�öNýaö©æ���ï<à ß¯ö3ýà ôwýaö©î�ÞÛàÜø�à ôî`ç�ö�õbá,øÜø á<ë�à ô
�
�aö$��î�à áÛô,æ<Ú6*nç,ö�ö©ð!�¯ö©ï<àÜóBö©ôiî�ÞÛø-î`ö$�5ç�ô-à�°¾��ö©æ(ýaö©æ���ï<à ß¯ö3ý Þ �
��ø åÔî`áÆ� b áÛæ��©àÜøÜøÜÞUî�à áÛô�æ(ÞUô-ÞÛø åPæ�ö©ær%lß
�,îNà ô
óBáÛæ�î�á,õ,î`ç,ö&�©ÞUæ�ö©æ§î`ç,ö©å ÞUï�ögæ<àÜó@àÜøÜÞUïcî`á\î`ç�áÛæ�öK��æ�ö3ý õbáÛïg�2|�æ�î���ý,à ö©æ<Ú
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L������ � ´w¯F*6|c4¯ô$%&�'�4ï'64()"�}X¯F4'64+7$
*nç�öýÛö©î`ö©ï<ó@à ô�ÞUî�à áÛô á,õ-î`ç�öº� óBö©æ�áÛô���ï�á��¯ö©ïgî�àÜó�ö$%Tµ�Ï�³yÏÄ%¥î`ç�ö�� óBö©æ�áÛô�øÜàÜõ ö©î�àÜóBö�ÞUæ�ö"�êÞÛø ��ÞUî`ö3ý à ô
à î`æ�á�ë�ô ï�ö©æ�î@õbïVÞÛóBö$%¯ï�ö$°y��à ï�ö©æ�î`ç�ö óBö3ÞUæm��ï�ö3óBö©ôiî�á,õ à î`æ�ýaö$�©Þ`å*ø ö©ô
�Ûî`ç ÞUô�ý�à î`æ\ó�á,óBö©ôPî��-ó à ô�î`ç�ö
øÜÞUß¯áÛï<ÞUî`áÛï�å ï�ö©æ�î õbï<ÞÛó�ö3Ú¹*nç,ö ö©ð.�¯ö©ï<àÜó�ö©ôPî�ÞÛølî`ö$�5ç�ô�à�°y��öá,õbî`ö©ô&ýaö"�¯ö©ô�ýaæ@áÛô î`ç�ö ö"�Ûö©ôiî8æ�ö3ø ö$��î�à áÛô-Ú
�aá,óBö8á,õnî`ç�ö&�Ûö©ô,ö©ï<ÞÛøäÞUæ��¯ö$��î`æ ÞUï�ö��,à �Ûö©ô�à ôwî`ç�à æ\�aö$��î�à áÛô�Ú è\áÛï�öüýaö©î�ÞÛàÜø æ�%T�©ø áÛæ�ö3ø å ï�ö3øÜÞUî`ö3ý(î`á(î`ç�ö
ó@ÞÛà ôÔÞUô�ÞÛø åiæ<à æÏýaö©æ���ï<à ß¯ö3ý à ô î`ç�à æcî`ç�ö©æ<à æ�%x�©ÞUôß¯ö\õbá���ô-ý à ôÔÝnç�Þ ��î`ö©ï��ÛÚ

*nç�öüýaö$�©Þ�å�ø ö©ô
�Ûî`ç á,õ�î`ç�ö¡� ó�ö©æ�áÛô1à æ î`ç�ö î`ç�ï�ö©ö©â�ý�àÜóBö©ô�æ<à áÛô-ÞÛø�ý�à æ�î�ÞUô0��ö ß¯ö©î�ë ö©ö©ô î`ç,öO�eá,à ôiî
ë�ç�ö©ï�ö�î`ç�ö���ï<àÜó@ÞUï�åÔà ôPî`ö©ïVÞ���î�à áÛôüî�ÞUéÛö©æK��øÜÞ���ö ìmµ�Ï�³�Ï %�î`ç�öÏö ÷ ö!�wÞUô�ô�à ç�àÜøÜÞUî�à áÛô2%³à ô(î`ç,öO�©ÞUæ�ö�á,õU5�ò þ�í�%
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æ�ö3ó@àÜø ö"��î`áÛô�à��8ýaö$�©Þ`å3Ú�ÝcÞUæ��©ÞÛýaöýaö$�©Þ�åPæ�ë�à î`çÔß6] �9] _ ÞUï�öÞÛø æ�á õbï�ö$°¾��ö©ôiîy%�ÞUô�ýNç�Þ��Ûö8î`ç�ö
á��
�¯áÛæ<à î`ö8ø ö"��î`áÛô�âm°y��ÞUï�é ö3ø ö$��î`ïVà��g� ç�ÞUï��Ûö�æ<à �Ûô���áÛï�ï�ö3øÜÞUî�à áÛô*ìÒî`ç,öL��áÛï�ï�ö©æm�eáÛô-ý�à ô
�Zý�àÜÞ �Ûï<ÞÛó�æÏÞUï�ö
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æ�ç,á�ë�ô à ô\�nà �,Ú?ÛÚ ñ,í`ÚT*nç�ö©æ�ö-�©ÞUæ��©ÞÛýaögýaö$�©Þ�åPæ�ô�ö©ö3ý§î`átß¯ö�ï�ö"EÒö$��î`ö3ý õbï�á,ó î`ç�öI/�ô-ÞÛøPý�ÞUî�Þ�æVÞÛó+��ø ö3Ú
8 ý�ý�à î�à áÛô�ÞÛøI�©ÞUæ��©ÞÛýÛö©æZýaö$�©Þ`åiæ ë�à î`çwß�] �L] _ÞUï�ö�ÞÛø æ�áº��ï�ö©æ�ö©ôiîNì��nà �,ÚIÛÚÜúÛí`ÚÆ*nç�ö��5ç-ÞUï��Ûö
��áÛï�ï�ö3øÜÞUî�à áÛô8ß¯ö©îYë�ö©ö©ô\î`ç,ö�ø ö"��î`áÛô(ÞUô-ýBî`ç�ö�ß^°y��ÞUï�é à æ�î`ç,ö�æ<ÞÛóBö�ÞUæBà ôý�à ï�ö$��î�æ�ö3ó@àÜø ö"��î`áÛô�à��§ýaö©â
�©Þ�åPæ�%3î`ç�ö©ï�ö3õ áÛï�ö§ô�ágæ��¯ö$�©à /0�³ï�ö"E=ö$��î�à áÛô�õ áÛï�î`ç�ö©æ�öÏýaö$�©Þ`åiæ¦à æ�ï�ö$°y��à ï�ö3ý,Ú�ò¥ð¯ÞÛó-��ø ö©æ�á,õiáÛæ��©àÜøÜøÜÞUî�à áÛô
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ÞUô�ÞÛø åiæ�ö©æf��æ<à ô
� æ�ö3ó\àÜø ö"��î`áÛô�à���æ�ö3ø ö$��î�à áÛô�æÏÞUï�ö\õbá���ô-ý à ô�7³ö3õ æ<Ú½» ú�)�%Jú�	"¼YÚ
â�,�ô î`ç�ö&�©ÞUæ�ö�á,õ-ÞUô à ô0�©ø ��æ<à �Ûögæ�ö3ø ö$��î�à áÛô0%êô,á ýÛö$�©Þ`åM��ÞUï�î�à��©ø ö8à ægàÜýÛö©ôPî�à /�ö3ý,Ú�8 ý,à #�ö©ï�ö©ôiîgóBö©î`ç�áJý
ç�ÞUæ�î`á�ßeöT�,æ�ö3ý�Ú¯8§ôZà ô0�©ø �,æ<à �ÛöN�êÞUï<àÜÞUß�ø ö�æ�ö©ô,æ<à î�à �Ûö�î`á¦î`ç�öz� ç�ÞUï��ÛöN>,á�ë ß¯ö©îYë�ö©ö©ô\î`ç,ö�æ�ö$��áÛô�ý�ÞUï�å
ÞUô�ý¦î`ç�ö�î`ö©ï�î�àÜÞUï�å��Ûö©ï�î�à���ö©æ¦à æ;��æ�ö3ý�î`ágæ�î�ÞUî�à æ�î�à��©ÞÛøÜø å8æ�ö"��ÞUï<ÞUî`ö��2}gõ ï�á,ó � } ýaö$�©Þ`åiæ<Ú�,�ô@î`ç�öQ�©ÞUæ�ö
á,õ0�
5¯<+%iî`ç�ö3à ï�ö©ð���ö3øÜø ö©ôPî§î`ï<Þ��5éJà ô
� ï�ö©æ�á,ø ��î�à áÛôÔà æ�ö©ð!��ø á,à î`ö3ý ë�ç-à��5ç ÞÛøÜø á�ëcæ�î`ç�ö�î`ö©ï�î�àÜÞUï�åL�Ûö©ï�î`ö©ð
î`áNß¯ö�à ô0�©ø �,æ<à �Ûö3ø åï�ö$��áÛô�æ�î`ï��0��î`ö3ý,ÚH8 ý�à �¯á,ø ö$%TÂ ' /¡ó ' ò Â�� ÂX�Ãy/¡ó=�Ã ò Â %³à æ@õ áÛï<óBö3ý(ÞUô�ý���æ�ö3ý
ÞUæÏÞR/�ô�ÞÛøiæ�î�ÞUî`ö�î�Þ ���,à ô
�&�êÞUï<àÜÞUß�ø öº» ���¾¼YÚ

,�ô ö ÷ ö � ÞUô�ý�� �=��á,øÜøÜà æ<à áÛô,æ�%äß�âm°y��ÞUï�éiæ(ÞUï�öW��ï�áJý(�0��ö3ý à ô ß ß¿��ÞÛà ï�æ<ÚÈ*³ç�ö©ï�ö3õ áÛï�ö$%�à ô&ÞÛý,ý�à î�à áÛô
î`á�î`ç�ö¡� óBö©æ�áÛô*æ�î���ý,à ö3ý*õbáÛïZó@à ðJà ô
��%lî`ç�öNö"�Ûö©ôPî^��áÛôiî�ÞÛà ô�æ ÞUô�áÛî`ç�ö©ï ß�â5ç�ÞÛýÛï�áÛô ë�à î`ç Þ�ß�â[>�Þ��Ûá���ï
á��
�¯áÛæ<à î`ö î`á î`ç�ÞUîgá,õ¥î`ç�ö�� ó�ö©æ�áÛô ÞUîK��ï�á¯ý(�2��î�à áÛô�ÚM*nç�öQ>�Þ��Ûá��,ïgá,õ�î`ç�ö^�&óBö©æ�áÛô ÞUîz��ï�áJý(�0��î�à áÛô
�©ÞUô î`ç�ö©ï�ö3õ áÛï�ö ß¯öüýaö©î`ö©ï<ó@à ô,ö3ý*õbï�á,ó î`ç,öO>�Þ��Ûá���ï\á,õlî`ç�ö æ�ö$��áÛô�ý ß�â5ç�ÞÛýÛï�áÛô�à ô î`ç�ö ö"�Ûö©ôiî�Ú��aá,óBö
ÞÛý�ý�à î�à áÛô�ÞÛø§à ô�õ áÛï<ó@ÞUî�à áÛô à æ Þ��DÞÛàÜøÜÞUß�ø ö*õ ï�á,ó î`ç�ö õbïVÞ �,óBö©ôPî�ÞUî�à áÛô���ï�á¯ý(�2��î`æ\á,õ î`ç�ö��÷óBö©æ�áÛô0GZî`ç�ö
æ�âm°y��ÞUï�é á,õ�î`ç�ö\�2bgóBö©æ�áÛô ìÒáÛï8ýÛâm°¾��ÞUï�éÔõbáÛï&�2|Dí�à æ&��ï�ö3ÞUî`ö3ýüà ô Þ�æ æ\ì`ý ýêíV�-ÞÛà ï�%³óBáÛæ�îBá,õJî`ç,ö�î�àÜó�ö©æ
î`ç�öcæ�ö$��áÛô�ý¦æ�âm°¾��ÞUï�é õ áÛï<óBæ�Þ�éêÞUáÛô�ì���à áÛô�í�î`ç�öcö3ø ö$��î`ï<à��+� ç�ÞUï��Ûötá,õië�ç�à��5ç�ì`àÜõiô�áÛôLh©ö©ï�á,í�à æ+��áÛï�ï�ö3øÜÞUî`ö3ý
ë�à î`ç î`ç�ÞUîäá,õ,î`ç�ö��/ó�ö©æ�áÛô�ÚT*nç�öBî�ë á9��à ö$��ö©æcá,õ�à ô�õ áÛï<ó@ÞUî�à áÛô��©ÞUôZßeö���á,ócß�à ô�ö3ý�î`á áÛß�î�ÞÛà ôwÞcæVà ô
�,ø ö
ö©æ�î�àÜó@ÞUî`áÛï á,õnî`ç,ö à ô�à î�àÜÞÛø�ß�â[>-Þ��Ûá���ïÏá,õnî`ç�ö��$ó�ö©æ�áÛô�Ú�8�îO��5�ÝN%¥î`ç�ö8ö ÷ ö � ß¯ö3ÞÛóBæ ÞUï�öL�eá,øÜÞUïVà h©ö3ý
%
ë�ç�à�� ç�ÞÛøÜø á<ë�æ î`ç�ö�ß�â�õbáÛï�ëBÞUï<ýÛâ5ß�Þ��5éiëBÞUïVýwÞUæ�å¯ó@ó�ö©î`ï�å�î`á ßeö���æ�ö3ýZî`á õw��ï�î`ç,ö©ï�àÜó+��ï�áy�ÛöNî`ç�ö�à ô�à î�àÜÞÛø
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æ�î�ÞUî`ö8ß�â[>�Þ��Ûá���ï�î�Þ ���,à ô��,Ú¡*¥å!��à��©ÞÛø¥ö"#�ö$��î�à �ÛöO�êÞÛø ��ö©ægá,õ-î`ç,ö&��ï�áÛß-ÞUß�àÜøÜà îYå�á,õäà ô0��áÛï�ï�ö$��îNà ô�à î�àÜÞÛø�æ�î�ÞUî`ö
>�Þ��Ûá���ï�ÞUæ�æ<à �Ûô�óBö©ôiîy%�î`ç�öà ô�à î�àÜÞÛø�ó@à æ�î�Þ ��%äÞUî�5�ò�þ×ÞUï�ö(ÞUï�á��,ô�ý vy  Ç ÙÛú�Í÷ë�ç�àÜø öÞUîM�
5¯<+%lóBáÛæ�î�ø å
î`ç�ÞUô,éPæ�î`á\î`ç�ö-�¯á,øÜÞUï<à h©ö3ý ß¯ö3ÞÛóBæ�% vy  Ç ·Ûú�Í �©ÞUôZß¯ö�ï�ö3Þ�� ç�ö3ý�Ú

*³ç�ö�/,ô�ÞÛøäøÜÞUßeö3øäó@à ðiö3ý
{ ��ô-ó@à ðPö3ýáÛß�î�ÞÛà ô,ö3ý*õbáÛïZÞ���ÞUï�î�à����-øÜÞUï���óBö©æ�áÛô ýaö$�©Þ`åwç�ÞUæZÞº��ö©ï�î�ÞÛà ô
��ï�áÛß�ÞUß�àÜøÜà îYå8á,õDß¯ö3à ô
� à ô0��áÛï�ï�ö$��îy%ië�ç-à��5ç à æK�©ÞÛøÜø ö3ýÏî`ç�öBî`áÛî�ÞÛøJó@à æ�î�Þ �9�,ï�áÛß�ÞUß�àÜøÜà î�å$% vy¡ ÚT*nç�à æK°¾�-ÞUôPî�à î�å
à æäö"�êÞÛø ��ÞUî`ö3ý õ ï�á,ó Þg��á,ócß�à ô�ÞUî�à áÛô á,õ�î`ç�ö ó@à æ�î�Þ �Zõ áÛï�î`ç,ö à ô-à î�àÜÞÛø�% vy  %eÞUô-ýz/,ô�ÞÛø�æ�î�ÞUî`ö$% vy¢ %Pá,õ�î`ç�ö��
óBö©æ�áÛôÔÞUæ

·\ó{Ù vy¡ � ì`·^ó{Ù vy  íêì`·�ó÷Ù vy¢ íH� ì�ÛÚ��Ûí
*³ç�öQ��á,ócß�à ô�ö3ý ó\à æ�î�Þ �9��ï�áÛß�ÞUß-àÜøÜà îYå��©ÞUô ßeöBö"�êÞÛø ��ÞUî`ö3ýÏáÛô Þ��Ûö©ï<Þ �Ûö�à ôNî`ç�öBæ�ö3ø ö$��î`ö3ý@æ<ÞÛó+��ø ö$%iáÛï�%

ÞUæNà î�à æ ýaáÛô�öà ô�óBáÛæ�îgá,õ-î`ç,öW�©ÞUæ�ö©æ�%I��á,ó+����î`ö3ý ö"�Ûö©ôiî�ßiå�ö"�Ûö©ôiî�Ú���àÜóN�-øÜÞUî`ö3ý ö"�Ûö©ôiî`æ ÞUï�ö&��æm��ÞÛøÜø å
��æ�ö3ý@î`á¡��áÛô!�Ûö©ï�îBî`ç�ö\��á,ó�ß�à ô,ö3ý\î�Þ ���,à ô��O�DÞUï<àÜÞUß-ø ö�á,õJö3Þ��5ç�ö"�Ûö©ôiî\à ôPî`áüÞ�ó@à æ�î�Þ �O��ï�áÛß-ÞUß�àÜøÜà îYå3ÚQ*nç�ö
��æ�ö�á,õ3ö"�Ûö©ôiî`â5ßiåPâ5ö"�Ûö©ôiîgà ô�õ áÛï<ó@ÞUî�à áÛô(à ô2��ï�ö3ÞUæ�ö©æ�æVà �Ûô�à /0�©ÞUôiî�ø å î`ç�ö�æ�î�ÞUî�à æ�î�à��©ÞÛø.�¯á�ë�ö©ï�á,õ¯ÞUô@áÛær�©àÜøÜøÜÞUî�à áÛô
ÞUô�ÞÛø åiæ<à æ<Ú

*³ç�öÏó\à æ�î�Þ �9��ï�áÛß�ÞUß-àÜøÜà îYå$% v ¡ %¯à æT��æ�ö3ýNà ô î`ç�ö+/�î`î�à ô����,ï�á'��ö3ý���ï�ötî`á ë ö3à �Ûçiî�ö"�Ûö©ôPî`æ�Þ��"��áÛï<ý�à ô
� î`á
î`ç�ö3à ïH��ï�áÛß�ÞUß�àÜøÜà î�åNá,õ�ß¯ö3à ô
����áÛï�ï�ö$��î�ø å î�Þ ���Ûö3ý�Ú

L�� ���£L NX&¤��+�()5v4+X¯F&¦¥y�X'64+7$½()+�²¨§X(Y¥y©���¯F*Z}X+X²
4P<o()5¤}�()$8& *�+
,�ô0�©ø ��æ<à �Ûö(áÛïNæ�ö3ó@à â�à ô0�©ø �,æ<à �Ûö ö"�Ûö©ôPî æ<ÞÛó-��ø öæ�ö3ø ö$��î�à áÛô�æ ï�ö©æ���ø î�áÛô��¯áPáÛï�æ<à �Ûô�ÞÛøU�
��ïVà îYå�G*ÞUæ�à ô ÞUô
��ôiß�àÜÞUæ�ö3ýZß ßÔæ<ÞÛó+��ø ö$%-áÛô�ø å/ÞUßeá��,î�·���Íùá,õnî`ç�ö�ö"�Ûö©ôPî`æ���áÛôiî�ÞÛà ô �2b@óBö©æ�áÛô�ýaö$�©Þ�åPæ<Ú��aá,óBö�ýaö$�©Þ�å
��ï�á��eö©ï�î�à ö©ætøÜà éÛöBî`ç�öcö©æ�î�àÜó@ÞUî`ö3ý�ö3ø ö$��î`ï<à��+�5ç�ÞUïm�Ûötá,õiî`ç,ö§æ�ö$��áÛô-ý�ÞUï�å9�Ûö©ï�î`ö©ð�%PáÛï�î`ç,öH��ï�ö©æ�ö©ô0��öcá,õDéêÞUáÛô�æ
ß¯áÛî`ç�à ôwî`ç,ö õ ï<Þ �,óBö©ôiî�ÞUî�à áÛô1ÞUô�ýî`ç�ö�ýaö$�©Þ`åÔá,õ³î`ç�ö��2b��©ÞUô�ý�àÜý�ÞUî`ö$%f�©ÞUô ßeöL��æ�ö3ýZî`á æ�î�ÞUî�à æ�î�à��©ÞÛøÜø å
à ô0��ï�ö3ÞUæ�ö§î`ç,ö§ö"#eö$��î�à �Ûö¦æ<à �Ûô�ÞÛø$�
��ïVà îYå3Ú28 øÜø�î`ç�ötï�ö3ø ö"�êÞUôPî¦ý�à ær��ï<àÜó@à ô�ÞUôiîU�êÞUï<àÜÞUß�ø ö©ægÞUï�öQ��á,ócß�à ô�ö3ý
%¯ÞUô�ý
î`ç�ö\ï�ö©æ���ø î8à æg��æ�ö3ýNî`á ýaö"/�ô�öZÞUôÔö"�Ûö©ôPî`â5ßiåiâ5ö"�Ûö©ôPî æ<à �Ûô-ÞÛø'�
��ï<à î�å3Úè\áÛï�ö ýaö©î�ÞÛàÜø ö3ý ö©ð!��øÜÞUô�ÞUî�à áÛô,æ�áÛô
î`ç�à æcæ���ßxEÒö$��îgÞUï�öK�,à �Ûö©ô à ôc�aö$��î�à áÛô��ÛÚ�	ÛÚ

�Ûö3ó@à â5ö©ð'�©ø �,æ<à �ÛöNæ�ö3ø ö$��î�à áÛô�æ�%§øÜà éÛö î`ç�öº<Vb½_@ï�ö$��áÛô�æ�î`ïm�0��î�à áÛô*ö©ð.�-øÜÞÛà ô�ö3ý à ô��Ûö$��î�à áÛô � ÚÜ·�%lç�Þ��ÛöüÞUô
Þ��Ûö©ï<Þ �Ûöäæ<à �Ûô�ÞÛø"����ï<à îYåBá,õ<î`ç�ö áÛï<ýaö©ï�á,õ<ñ���Í@ÚI*nç,ölö"#�ö$��î�à �Ûöäæ<à �Ûô-ÞÛø"�
��ïVà îYå��©ÞUôgæ�î�àÜøÜø�ß¯öcà ô0��ï�ö3ÞUæ�ö3ýcë�à î`ç
î`ö$� ç�ô�à�°y��ö©æ�æ<àÜó\àÜøÜÞUïlî`á¦î`ç�áÛæ�öH��æ�ö3ý@à ôà ô2�©ø ��æ<à �Ûö�æ�ö3ø ö$��î�à áÛô,æ<Ú�,�ô@î`ç�öz�©ÞUæ�ö§á,õ�ç�ÞÛýÛï�áÛô�à��-ï�ö$��áÛô�æ�î`ï��0��î�à áÛô
á,õ3æ��¯ö$�©à /0��ýaö$�©Þ�åPæ�%�î`ç�ö�Þ��Ûö©ï<Þ �Ûöf����ï<à îYå à ælö"�Ûö©ô8ç�à �Ûç�ö©ï�%aá,õ3î`ç�ö�áÛïVýaö©ï³á,õ'����Í�%,ÞUô�ý9�©ÞUô8ß¯ögà ô0��ï�ö3ÞUæ�ö3ý
à ôÔÞUôwÞUô�ÞÛø á��Ûá���æ ó@ÞUô�ô�ö©ï�ë�à î`çZî`ç�ö��2bf��áÛô�æ�î`ï��0��î`ö3ýZó\ÞUæ�æ�ÞUæ�Þ�éÛö©å�ý,à æ���ï<àÜó@à ô�ÞUôiîT�êÞUï<àÜÞUß�ø ö3Ú

*³ç�ö§ô,áÛô�â5æ<à �Ûô�ÞÛø'��á,ó+�¯áÛô�ö©ôiî`ægà ô î`ç�öBæ�ö3ø ö$��î`ö3ýÏæ<ÞÛó-��ø ö$%iî`ç�öBß�Þ��5é!�Ûï�á���ô-ý
%Pô�ö©ö3ý�î`á ß¯öÏàÜýaö©ôiî�à /�ö3ý
ÞUô�ý���ï�á��¯ö©ï<ø å6� ç�ÞUï<Þ���î`ö©ï<à h©ö3ý,Úº,�ôwî`ç�ö��©ÞUæ�öNá,õ�à ô0�©ø ��æVà �Ûö�áÛïÏæ�ö3ó\à â�à ô0�©ø ��æ<à �Ûö æ�ö3ø ö$��î�à áÛô,æ�%³î`ç�ö�ß�Þ�� éPâ
�Ûï�á��,ô�ý9��áÛôPî�ÞÛà ô,æBóBáÛæ�î�ø å áÛî`ç�ö©ï�ß�â5ç-ÞÛýaï�áÛô�æ§ì��2|?%�� ÷(ª � %,ÞUô-ý�ß�â5ß�ÞUï�åÛáÛô�æ<í�%aß
�,î§ÞÛø æ�á�Þ�æ<ó@ÞÛøÜø�õ ï<Þ���î�à áÛô
á,õ�ç�ÞÛýaï�áÛô�æ�õ áÛï<óBö3ý�ë�à î`çüøÜà �Ûçiî`ö©ï�°y��ÞUï�éiæ�%4�©ÞÛøÜø ö3ý9��ýaæ���â5ß�Þ�� é.�Ûï�á���ô�ý à ôNî`ç�ö@õbá,øÜø á<ë�à ô
�,Úf*nç�öBö©æ�î�àÜó@ÞUâ
î�à áÛô�á,õiî`ç�öcï�ö3øÜÞUî�à �Ûö\ÞÛóBá���ôiî�á,õiî`ç�ö§ß�Þ��5é!�Ûï�á���ô�ýL��á,ó+�¯áÛô�ö©ôiî`æBà æ�ö©ð!��øÜÞÛà ô�ö3ý�à ôº�aö$��î�à áÛô¡�ÛÚ�	�%¯õ áÛï î`ç�ö
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ÞUß�àÜøÜà îYåZá,õD���Íùà æBæ�ç,á�ë�ô�Ú-*³ç�ögö"#eö$��î�à �Ûö��2b áÛær�©àÜøÜøÜÞUî�à áÛô ÞÛó+��øÜà î���ýÛö�à ætï�ö3ý(�0��ö3ý\ï�ö©ô�ýaö©ïVà ô
�à î óBáÛï�ö
ý�à a^����ø îäî`á@ï�ö©æ�á,ø �Ûö3Ú�,�ô��nà �,ÚxÛÚ����©ínî`ç�ö�ö"#eö$��îcá,õ,î`ç�ö�ö©ð!�eö©ïVàÜóBö©ôPî�ÞÛøiï�ö©æ�á,ø ��î�à áÛô áÛô î`ç,ö-��ï�á��¯ö©ïäî�àÜóBö
óBö3ÞUæ���ï�ö3óBö©ôPî à æZÞÛø æ�á à ôiî`ï�áJý(�0��ö3ý
%³ë�à î`ç óBá,óBö©ôiî���ó ï�ö©æ�á,ø �,î�à áÛô ~y� W ÷¿� � Í ÞUô�ý ýaö$�©Þ�å�ø ö©ô
�Ûî`ç
ï�ö©æ�á,ø ��î�à áÛô·¶ � È ~¸� l W ÷ } ú9�d���Ü·u�,æNìÒî`ç�ö©æ�ö&�êÞÛø ��ö©æ�ÞUï�ö8ß¯ö©î`î`ö©ï�î`ç�ÞUôÔî`ç�öÞ��Ûö©ï<Þ �Ûöüà ô�óBáÛæ�î¦á,õ-î`ç�ö
à ô0�©ø ��æ<à �ÛöM�2b áÛær�©àÜøÜøÜÞUî�à áÛô ÞUô�ÞÛø åPæ�ö©æ<í`ÚV8§æ Þ&��áÛô,æ�ö$°¾�,ö©ô0��ö$%0�2b�áÛæ��©àÜøÜøÜÞUî�à áÛô�æ�ß¯ö$��á,óBö�áÛô�ø åüÞ\ó@ÞUïm�,à ô�ÞÛø
ý�à æ�î`áÛï�î�à áÛô�áÛôNî`ç�ö��2|�áÛær�©àÜøÜøÜÞUî�à áÛô\��ÞUî`î`ö©ï�ô0%3áÛô�ø å9�Jà æ<à ß�ø ö ÞUî æVó@ÞÛøÜø��,ï�á��¯ö©ï�î�àÜóBöR�DÞÛø �,ö©æ<ÚT*nç�ö�î�å.�-à��©ÞÛø
ö©ð.�¯ö©ï<àÜó�ö©ôPî�ÞÛø���ô0��ö©ï�î�ÞÛà ôiîYåõ áÛï;�,ï�á��¯ö©ï�î�àÜóBöf�DÞÛø ��ö©æ�ß¯ö3ø á�ë Ùu��ætà æ�æ�ç�á<ë�ô\ß¯áÛî`ç õbáÛï î`ç�öH��ï�á��eö©ï�î�àÜóBö
ÞUô�ý î`ç,ö�ÞUæ�åJó@óBö©î`ï�å ó�ö3ÞUæ���ï�ö3óBö©ôiî`æ à ôZî`ç�öM�©ÞUæ�ö�á,õ³ÞUô à ô0�©ø ��æ<à �Ûö�æ�ö3ó@àÜø ö"�,î`áÛô�à���ÞUô-ÞÛø åPæ<à ætë�à î`ç(î`ç�ö
8Q5�ò�þU:$ý�ÞUî�Þ ì`Ý³ç�Þ ��î`ö©ï&�Ûí`ÚM*nç�à æ\øÜÞUæ�îz��ø áÛîy%D��á,ó+��ÞUï�ö3ýNî`á î`ç�öÏáÛî`ç�ö©ï�ær%�à æ\ÞO�©ø ö3ÞUï�àÜøÜø �,æ�î`ï<ÞUî�à áÛô á,õ
î`ç�ögàÜó+�¯áÛï�î�ÞUô0��öcá,õ�î`ç�öH��ï�á��¯ö©ïnî�àÜóBö�ï�ö©æ�á,ø �,î�à áÛô\áÛô^�2b�áÛæ��©àÜøÜøÜÞUî�à áÛô�æ�%¯ÞUælë�ö3øÜø,ÞUælá,õPî`ç�ö�ö©ð!�¯ö©ï<àÜóBö©ôiî�ÞÛø
ý�à a^����ø î�åá,õ�î`ç�ö óBö3ÞUæ��,ï�ö3óBö©ôiî�ÚL*³ç�ö9��ï�á��¯ö©ïBî�àÜóBö ï�ö©æ�á,ø �,î�à áÛôüö©ð.�,ï�ö©æ�æ<à áÛô à ô òU°PÚ"ÛÚÜú æ�ç�á�ëcæ�î`ç�ÞUî
î`ç�ö óBá,óBö©ôiî���ó ï�ö©æ�á,ø ��î�à áÛô ýÛáPö©æBô�áÛî���áÛôiî`ï<à ß
��î`ö ÞUî+�Ûö©ï�åZæVó@ÞÛøÜø4��ï�á��¯ö©ï§î�àÜó�ö9�DÞÛø ��ö©ær%,î`ç,öO��ïm�0�©àÜÞÛø
à æ�æ���ö\õ áÛïg�2b áÛæ��©àÜøÜøÜÞUî�à áÛô�æ ÞUô�ÞÛø åPæ�ö©æ�à æcî`ç,ö©ï�ö3õbáÛï�ö¦î`ç�ö\ýaö$�©Þ�å ø ö©ô
�Ûî`çZï�ö©æ�á,ø ��î�à áÛô�Ú



Ä�X �BÑ��lÕi¼VÂ��ÔÕPºJ»�Ç�ÆäÐ×Õi»½Ê-¾J¿

\QÕmÔ ¹�ÚÁæ�æ4Ú�àJã=º9ç�Û[ç�ß æ�b9çÄß

Jäô2��ö�î`ç�öN��ï�á��¯ö©ïlî�àÜó�ö�á,õPî`ç�ö�æ�ö3ø ö$��î`ö3ýL�*óBö©æ�áÛô�æBÞUô�ýBî`ç�ö�ó@à ðPö3ý�{ ��ô�ó@à ðiö3ý@øÜÞUß¯ö3ø�ÞUï�ö�ýÛö©î`ö©ï<ó@à ô�ö3ý
%
ÞV/�î³î`ágî`ç�ö�ö©ð.�¯ö$��î`ö3ý+�,ï�á��¯ö©ï³î�àÜóBö�ý�à æ�î`ïVà ß
��î�à áÛôZà æD�¯ö©ï<õ áÛï<óBö3ý
%Vî`ágî`ö©ôPî�ÞUî�à �Ûö3ø åýÛö©î`ö©ï<ó@à ô�ö�î`ç�öT�êÞÛø ��ö
á,õ,î`ç�ö¦áÛæ��©àÜøÜøÜÞUî�à áÛô*õ ï�ö$°¾�,ö©ô0��å3Ú

8/æ�ö3ø ö$��î`ö3ýNý�ÞUî�ÞäæVÞÛó+��ø ö�à æBÞ¦ó@à ðiî���ï�ö�á,õPæ<à �Ûô�ÞÛø�%4�0bäóBö©æ�áÛô,ætà ô@î`ç�à æ+�©ÞUæ�ö$%eÞUô�ý@ý�à #eö©ï�ö©ôiîlîYå!�¯ö�á,õ
ß�Þ�� é.�Ûï�á���ô�ýaæ<ÚI*nç,öN��ï�áÛß�ÞUß-àÜøÜà îYåýaö©ô,æ<à îYåZõw��ô0��î�à áÛô�ì[±4ÏpG�Ï »yÏ>ítç�ÞUæ î`ç,ö©ï�ö3õbáÛï�ö§î`á�î�ÞUéÛöÏà ôiî`á Þ��"��á���ôPîäî`ç�ö
ö©ð!�¯ö$��î`ö3ýz�,ï�á��¯ö©ï î�àÜóBöR��ï�á��¯ö©ï�î�à ö©æäá,õ¥ÞÛøÜøPî`ç�ö9��á,ó+�¯áÛô�ö©ôiî`æ¦à ô�î`ç,ö§æ<ÞÛó-��ø ö$%.ûuí�î`ç�ö§áÛær�©àÜøÜøÜÞUî�à ô
� æ<à �Ûô�ÞÛø
��á,ó+�¯áÛô�ö©ôiî§ì��2bäóBö©æ�áÛô�æ<í�É$û¨ûuí¥î`ç�ö�áÛæ��©àÜøÜøÜÞUî�à ô���ß�Þ�� é.�Ûï�á���ô�ý&��á,ó-�eáÛô,ö©ôPî§ì��2|@óBö©æ�áÛô�æ<í�É$û¨û¨ûuí¥î`ç�ö�ô�áÛô�â
áÛæ��©àÜøÜøÜÞUî�à áÛô ß-Þ��5é!�Ûï�á���ô�ýL��á,ó+�¯áÛô�ö©ôiîBì�� ÷(ª �üÞUô-ý¦ß�â5ß-ÞUï�åÛáÛô�æ<í�É¯ÞUô�ýKû¤¼eí�î`ç�öf��ýaæ���â5ß�Þ�� é.�Ûï�á���ô�ý�ÚI*nç�ö
ý�à #eö©ï�ö©ôiîT��ÞUï�î`æ�á,õ�î`ç�ö�±4Ï�G$Ï »yÏ�ÞUï�ö¦ö©ð.�-øÜà��©à î`ö3ý@ß¯ö3ø á�ë õbáÛï§ö"�Ûö©ôPî`æÏøÜÞUßeö3øÜø ö3ýÞUæH��ô-ó@à ðPö3ý ÞUô-ý ó@à ðiö3ý�Ú

âWJäæ��©àÜøÜøÜÞUî�à ô
�º��óBö©æ�áÛô�æ�ì�� b ÞUô�ý\�2| óBö©æ�áÛô�æVí�G

÷u� õ �Mf?� ��§¾½2ª�� ìpêpí��ef òÄó ì`·Nó vy¡ í � ÷ «�� b ��¿ ÿ ó üÁÀ¤¸Â�ÿ ó ù � ü À ª Â�ÿ ó ø
vy¡ ��� «�� b ��¿ ÿ ó üÁÀ¤¸Â�ÿ ó ù � ü À ª Â�ÿ ó Ã Ä ìpê } t êpí t

÷4� õ �Mf?� ½�ª�� ìpêpí��ef òÄó ì`·Nó vy¡ í ��� «�� b ��¿ ÿ ó üÁÀ¤¸Â ÿ ó ù � üÁÀ ª Â ÿ ó ø
vy¡ � ÷ «�� b ��¿ ÿ ó ü À¤¸Â�ÿ ó ù � üÁÀ ª Â�ÿ ó Ã Ä ìpê } t êpí?�

ì�ÛÚ � í

âWCláÛô áÛær�©àÜøÜøÜÞUî�à ô
�º�wç-ÞÛýaï�áÛô�ægì�� ÷(ª � ÞUô�ýÏß,â5ß�ÞUï�åÛáÛô�æ<í�G
÷4� õ �Mf?� � §¾½�ª�� ìpê©í � f¦ò ì`·Nó v ¡ í h²Å,Æ ÀÈÇ]É ÿÂ�ÿ 
 Ã Ä ìpê } t êpí t

÷4� õ �Mf?� ½�ª�� ìpê©í � f ò vy¡ h²Å,Æ ÀÈÇ]É ÿÂ ÿ Ã Ä ìpê } t êpíH� ì�ÛÚ�)Ûí

âW*nç�ö-��ýaær��ß-Þ��5é!�Ûï�á���ô�ý à æÏóBáÛæ�î�á,õ î`ö©ô\��ÞUïVÞÛóBö©î`ï<à h©ö3ýZõ ï�á,ó&æVàÜóN��øÜÞUî`ö3ý@ö"�Ûö©ôPî`æVÚ
÷4� õ �Mf?� ��§¾½�ª�� ìpê©í � f¦��| b « ì`·Nó vy¡ íÊ2 b ª�½���� ìpê©í t

÷u� õ �Mf?� ½�ª�� ìpê©í � f¦� | b « vy¡ 2 b ª�½.��� ìpê©í � ì�ÛÚ�	Ûí

,�ô(î`ç�ö ÞUßeá��ÛöÏö©ð.��ï�ö©æ�æ<à áÛô�æ7f ì ì�û+� � ¤ t � t ��ýaæ��©íBÞUï�öÏî`ç�ö õ ï<Þ���î�à áÛô�æ�á,õJö3Þ�� ç6��á,ó+�¯áÛô�ö©ôiî à ô î`ç�ö
æ�ö3ø ö$��î`ö3ý@æ<ÞÛó+��ø ö$%êë�à î`ç ì f ì ��·�%JÞUô�ý vy¡ à æcî`ç�ö\ó@à æ�î�Þ ����ï�áÛß�ÞUß�àÜøÜà î�å$%Dë�ç�à�� çc�©ÞUô ß¯ö\ý�à #eö©ï�ö©ôiîgõbáÛï
ö3Þ�� ç���á,ó+�¯áÛô�ö©ôPî�ÚT*³ç�öÏõw��ô0��î�à áÛô Ä ìpê } t ê©í à æ�î`ç,öf��ï�á��eö©ï�î�àÜóBöBï�ö©æ�á,ø �,î�à áÛô õ���ô2��î�à áÛô0%�ß���àÜø îBÞUægÞ���áÛô�â
�Ûá,ø ��î�à áÛô á,õêî`ç�öÏýÛö$�©Þ`å�ø ö©ô
�Ûî`çüÞUô�ýNóBá,óBö©ôiî���ó1ï�ö©æ�á,ø ��î�à áÛô�æVÚ28ÏøÜø¯øÜàÜõ ö©î�àÜóBö©æ�%Ë� ì %�ÞUï�öBö©ð!�¯ö©ï<àÜóBö©ôiî�ÞÛøÜø å
éiô�á�ëcô0%�k+l\|à æ\óBö3ÞUæm��ï�ö3ý�ÞUæ�ë�ö3øÜøÜÚ&*nç�öÏáÛô�ø å õbï�ö©ö��-ÞUï<ÞÛóBö©î`ö©ï�%¯î`áNß¯öQ/�îBî`áNî`ç�öZý�ÞUî�Þ�%³à æ�î`ç�ö�� b
áÛæ��©àÜøÜøÜÞUî�à áÛô*õ ï�ö$°¾�,ö©ô0��åºk-l\buÚ

*³ç�ö�ÞUß¯áy�Ûö�ö©ð!��ï�ö©æ�æ<à áÛô�æ¦ÞUï�öR��æ�ö3ý
%u��áÛô.�Ûá,ø �,î`ö3ýÏë�à î`çNî`ç�öBö©ð.�¯ö©ï<àÜó�ö©ôPî�ÞÛø.��ï�á��¯ö©ï î�àÜóBöBö"a^�©à ö©ô0��å$%
ÞUô�ý\ï�ö©æ�á,ø �,î�à áÛô*à ô Þz�,ø áÛß�ÞÛø³øÜà éÛö3øÜà ç�áiá¯ý õw��ô0��î�à áÛô á,õ¯î`ç�ö ý�ÞUî�Þ�æ<ÞÛó+�-ø öNó@à ô-àÜó@à h©ö3ý8ë�à î`çï�ö©æ��¯ö$��î§î`á
k+l b ÚT*�áNý�ÞUî`ö$%�ô,á8ó@à ô�àÜóH��ó$ýÛö©ö"�\ö©ô�á��
�Ûç�õ áÛïtÞzk-l b óBö3ÞUæm��ï�ö3óBö©ôiî�ç�ÞUæ ö"�Ûö©ïäßeö©ö©ô(õbá���ô-ý�ÚIJäô�ø å
ø á<ë ö©ïÏøÜàÜó@à î`æcáÛôck-l\blç�Þ��Ûögß¯ö©ö©ô æ�ö©î�Ú



Ø`�¢Ø c Ê-ÕÇ
�c��ÆÃÂÃ»½À-¿�Õ^� Õi»½Ê-¾J¿ Ä��

\�Õ¤\ Ì�àJßFØcáeºJâÁÚmæTbJæJß�áÁßDæ4à9Û[æ
èÞUôiåüý�à #eö©ï�ö©ôPî��0b�áÛæ��©àÜøÜøÜÞUî�à áÛô�æ@ÞUô�ÞÛø åiæ�ö©æ�ÞUï�ö¦ß¯ö3à ô
�ZìÒáÛï�ç�Þ��Ûögß¯ö©ö©ô�í2�¯ö©ï<õ áÛï<óBö3ý�ßiå8î`ç�öL5�ò�þ Ýná,ø â
øÜÞUß¯áÛï<ÞUî�à áÛô�æ�%x��5¯< ÞUô�ý ÝH<R�nÚ�8{óBö©î`ç,á¯ýÏî`á\ö3ÞUæ<àÜø å���á,ó�ß-à ô�ö¦î`ç�ö3à ï§ï�ö©æ���ø î`æ�ÞUô-ýÏî`ç�ö©ï�ö3õ áÛï�ö8à ô0��ï�ö3ÞUæ�ö
î`ç�öH�,ø áÛß-ÞÛø�/�ô-ÞÛøaï�ö3Þ��5çNáÛô�k+l b %3éPô,á�ë�ô ÞUæ î`ç�ö�ËFKf±4Ñ µ�N[·DG�³:KQ³ON�q�¶�G�%iëBÞUæV/�ï�æ�î;��æ�ö3ý�ßiå î`ç�öf8Q5�ò�þ;:
Ýná,øÜøÜÞUß¯áÛï<ÞUî�à áÛô » �Û·�¼ ÞUô�ý à æf��ï�ö©æ�ö©ôiî`ö3ýZà ôÀ7³ö3õ æ<ÚU» ú���%¯	�¼YÚ�,�ô î`ç�à æQ�aö$��î�à áÛôî`ç,ö¦ß�ÞUæ<à���æ§á,õ,î`ç,ö�óBö©î`ç�áJý
ÞUï�ö�ö©ð!��øÜÞÛà ô�ö3ý
%¥ÞÛø áÛô��\ë�à î`çÔà î`æÏà ôPî`ö©ïm��ï�ö©î�ÞUî�à áÛô�Ú

*nç�öL�0|@áÛæ��©àÜøÜøÜÞUî�à áÛô�æ8ÞUï�ö�æ<ø á�ë&ö©ô�á����Ûçî`á ÞÛøÜø á�ë î`ç�ö�áÛæ��©àÜøÜøÜÞUî�à áÛô õ ï�ö$°¾�,ö©ô0��å¡k+l\|Ïî`á8ß¯öNýaö©î`ö©ï�â
ó@à ô�ö3ýcßPå�æ�ö"�Ûö©ï<ÞÛøêÞUô�ÞÛø åiæ�ö©æcà ô ÞÛøÜø<ö©ð.�¯ö©ï<àÜó�ö©ôPî`æ³ë�ç,ö©ï�ö ß,â5ç�ÞÛýaï�áÛô�æ�ÞUï�öI��ï�áJý(�0��ö3ý,Ú'8§ô Þ��Ûö©ï<Þ �ÛöH�êÞÛø ��ö
á,õDk+l\| à æBáÛß�î�ÞÛà ô�ö3ý�õ ï�á,ó$î`ç�ö à ô�ý�à �JàÜý(��ÞÛøêï�ö©æ���ø î`æBá,õ¯î`ç�ö©æ�ö ÞUô�ÞÛø åiæ�ö©æ<Úf,�ôî`ç,öM�©ÞUæ�öÏá,õD�2b¦óBö©æ�áÛô�æ�%
à ô�æ�î`ö3ÞÛý
%¯ÞUæ�ô�á ÞUô�ÞÛø åiæ<à æ�ç�ÞUæäåÛö©î�ß¯ö©ö©ôüÞUß�ø öBî`á�ï�ö©æ�á,ø �Ûö�î`ç�ötáÛæ��©àÜøÜøÜÞUî�à áÛô0%êî`ç,öÏÞUô�ÞÛø á��Ûá��,æ�Þ �
��ï�á,Þ�� ç à æ
ô�áÛîgÞ �
��øÜà��©ÞUß-ø ö3Ú

,�ô@î`ç�ö�ÞÛó-��øÜà î���ýaö�ó�ö©î`ç�á¯ý¦î`ç�öH�,ï�áÛß�ÞUß�àÜøÜà î�åZýaö©ô�æ<à î�åZõ���ô2��î�à áÛô(õ áÛï�î`ç�ög�2b-æ<à �Ûô�ÞÛø�à æ î`ïVÞUô�æ<õ áÛï<óBö3ý
ßPå�î`ç�ö\à ôiî`ï�áJý(�0��î�à áÛôZá,õ,î`ç�ö8ÞÛó-��øÜà î���ýaö$%(aO%Jà ôÔõ ï�áÛôiî�á,õ,î`ç,ö�áÛæ��©àÜøÜøÜÞUî�à áÛô î`ö©ï<ó÷ÞUæ

÷4� õ �Mf?� � í ½ ìpê©í�� { b ù �bþ � üÙ » ·cS���áÛæVì�k+l\b êpí�¼ÎÍ ÷4� õ �Mf?� � í ½ ìpêpí;� { b ù �bþ � üÙ »F·cS*a���áÛæaì � êpí�¼L� ì�ÛÚÜ·��Ûí
*nç�ö óBö©î`ç�áJý���áÛô�æ<à æ�î`æ8à ô óBö3ÞUæ���ïVà ô
�ÏaM%Uµ�Ï�³yÏÄ%³ó@ÞUð¯àÜó\à h3à ô
� î`ç�öZøÜà éÛö3øÜà ç�áiá¯ý ë�à î`çüï�ö©æ��¯ö$��îBî`áhaO%lÞUæ
Þ\õw��ô0��î�à áÛô(á,õ¯î`ç�ö�î`ö©æ�îÏõ ï�ö$°y��ö©ô0��å � ìÒî`ç�ï�á��
�Ûç�á��,îcî`ç�à ætî`ç�ö©æ<à æ � æ�î�ÞUô-ýaæÏõ áÛïtî`ç�ö�õ ï�ö$°y��ö©ô0��å õ á,øÜýaö3ý
à ôNî`ç�ö-/�î`î�à ô
� õw��ô0��î�à áÛô0%Pë�ç�ö©ï�ö3ÞUæzk+l b áÛïzk+l!à ô�ý�à��©ÞUî`ö©æ�î`ç,ö õ ï�ö$°y��ö©ô0��å8á,õêî`ç�öBáÛæ��©àÜøÜøÜÞUî�à áÛô�æÏà ô î`ç�ö
æ<ÞÛó+��ø öNæ�î��-ý�à ö3ý�í`Ú�8Å�DÞÛø �,ö á,õ�a � ·(à æ\ö©ð.�¯ö$��î`ö3ý(î`á�ß¯öüóBö3ÞUæ���ï�ö3ý ÞUî � ��k+l\bUÚ6��ÞUï\ßeö3ø á<ë
î`ç�öBî`ï���öBáÛæ��©àÜøÜøÜÞUî�à áÛô*õbï�ö$°¾��ö©ô2��å7a � � à æ�ö©ð.�¯ö$��î`ö3ý
ÉJÞ óBáÛï�ö ýÛö©î�ÞÛàÜø ö3ýZýaö©æ���ïVà ��î�à áÛô á,õêî`ç�ö�ö©ð!�¯ö$��î`ö3ý
�DÞÛø �,ö©æ�á,õ�î`ç�ö\ÞÛó+��øÜà î���ýÛöÐa ÞUæ�Þ@õ��,ô0��î�à áÛô á,õ�î`ç�ö�î`ö©æ�î�õ ï�ö$°y��ö©ô0��å�à æ�ýaö©ïVà �Ûö3ý à ôc�aö$��î�à áÛôÀÛÚ�ÛÚÜÙÛÚ

*nç�ö àÜýaö3Þß¯ö©ç�à ô�ý�î`ç,ö ÞÛó+�-øÜà î���ýaöwó�ö©î`ç�á¯ý�à æNî`á�ýaö"/�ô�ö Þwó�ö3ÞUæ���ï<ÞUß�ø öÆ°y��ÞUôPî�à î�å$%�ë�à î`ç�ë�ö3øÜø
ýaö"/�ô�ö3ýg��ô2��ö©ï�î�ÞÛà ôPî�à ö©ær%¥à ô æ��0� ç ÞtëBÞ�å8î`ç�ÞUîgÞUô Þ��Ûö©ï<Þ �Ûögß¯ö©î�ë ö©ö©ô ý�à #�ö©ï�ö©ôPî¦ÞUô�ÞÛø åiæ�ö©æg�©ÞUô ß¯öBö3ÞUæ<àÜø å
�¯ö©ï<õbáÛïVóBö3ý�ÚI*nç�ö\ÞÛó+�-øÜà î���ýaö�a õ���ø /-ø æ�î`ç�ö©æ�ö¦ï�ö$°y��à ï�ö3ó�ö©ôPî`æ<Ú

*nç�ö õbï�ö$°¾��ö©ô2��å(ïVÞUô
�Ûö õ áÛï�ë�ç�à��5çwî`ç�ö�ÞÛó+��øÜà î���ýÛö(à æ õbá���ô-ý î`á(ßeöº��á,ó+��ÞUî�à ß�ø öNë�à î`ç�h©ö©ï�á*ÞUô�ý
à ô0��á,ó+��ÞUî�à ß-ø ö¦ë�à î`ç áÛô�öL�©ÞUô ß¯ö�ö©ð'�©ø ��ýÛö3ý ÞUî�	Ûú�Í ÝH��5¯��%0µ�Ï�³�Ï %

� } ö©ð��©ø ��ýaö3ý ÞUî 	Ûú�Í÷ÝN��50��àÜõÑa ��Ò À � ø ·����Uñ,ú ~yÓ U�·&� ì�ÛÚÜ·Û·Ûí
*nç�ö³æ�ö©ô�æ<à î�à �Jà îYå¦á,õDÞUô�ÞUô-ÞÛø åPæ<à æäà æ�ýaö"/,ô�ö3ý¦ÞUæ�î`ç,ölö©ð.�¯ö$��î`ö3ý�øÜàÜó@à î�ÞUîI	Ûú�Í ÝN��5¯�"�,à �Ûö©ô�î`ç�ötÞUô�ÞÛø åPæVà æ

�¯ö©ï<õbáÛïVó@ÞUô0��ö$%xµ�Ï�³yÏÄ%Pî`ç�ö\øÜàÜó@à î�ë�ç-à��5ç ë�á���øÜý�ß¯öBæ�ö©îgàÜõêî`ç�ö\ó�ö3ÞUæ���ï�ö3ý��êÞÛø ��ö�á,õTa^��Ò À � ë�ÞUæNh©ö©ï�á,Úf*nç�ö
��áÛï�ï�ö©æ��¯áÛô�ý,à ô
�Ïæ�ö©ô�æ<à î�à �Jà îYå õ ï�ö$°y��ö©ô0��å � � ô õ���ø /-ø æ�%

� � ôÕÔ ·����Uñ,ú � ~yÓ>Ö3×]Ø � ·9� ì�ÛÚÜ·ÛÙÛí
,�î�à ælö$°y��à �êÞÛø ö©ôPî�î`á�î`ç�ögõbï�ö$°¾��ö©ô2��å�õ áÛïlë�ç�à�� çZÞÛó+��øÜà î���ýaöT�êÞÛø ��ö©æDh©ö©ï�á\ÞUô�ýtáÛô�öz�©ÞUô@ß¯ö¦ý�à æ�î�à ô
���-à æ�ç�ö3ý
ÞUîg	Ûú�Í÷ÝH��5¯�

*nç�ö�ÞÛó+��øÜà î���ýaöÙa ç�ÞUætë ö3øÜø,ß¯ö©ç�Þ��Ûö3ý&��ÞUï<ÞUß¯á,øÜà��T�,ô0��ö©ï�î�ÞÛà ôiî�à ö©æ�%nÞUô�ý@î`ç,ö©ï�ö3õbáÛï�ö�ÞL��á,ó�ß�à ô-ÞUî�à áÛô
á,õäý�à #�ö©ï�ö©ôPîNÞUô�ÞÛø åPæ�ö©æNà æ�ö3ÞUæ<àÜø å��¯ö©ï<õbáÛïVóBö3ý�Ú98 ��á,ócß�à ô�ö3ýwøÜàÜó@à î�à æ�áÛß�î�ÞÛà ô�ö3ýÔÞ �
��ø åJà ô
� î`ç�ö ÞUßeá��Ûö
��ï�ö©æ���ïVà ��î�à áÛô î`á@î`ç�ö&��á,ócß�à ô�ö3ýÞÛó+��øÜà î���ýÛö�æ��©ÞUôwÞUæ�Þ\õ���ô2��î�à áÛô á,õ � Ú

8tætÞÛø ï�ö3ÞÛýaå(óBö©ôPî�à áÛô,ö3ý
%�î`ç,ö�ÞÛó+��øÜà î��-ýaö�óBö3ÞUæ��,ï�ö3óBö©ôiî`æBÞUï�ö§áÛß�î�ÞÛà ô�ö3ýgßPåZó\ÞUð¯àÜó@à h3à ô���î`ç�ö�øÜà éÛö©â
øÜà ç�áiá¯ýSÚ á,õ¯î`ç�öQ��ï�á��eö©ïtî�àÜóBö ý�à æ�î`ïVà ß
��î�à áÛô�ætá,õ�ó@à ðiö3ý ÞUô�ý���ô�ó@à ðiö3ý\ö"�Ûö©ôPî`æ�ë�à î`ç�î`ç,öNÞÛó+�-øÜà î���ýaö
á,õäî`ç�ö(áÛæ��©àÜøÜøÜÞUî�à ô
� î`ö©ïVóea ÞUæ�î`ç,ö õ ï�ö©öW��ÞUï<ÞÛóBö©î`ö©ï�%�ÞUô�ý � /,ðPö3ý/ÞUîüÞc� ç�áÛæ�ö©ô��êÞÛø ��ö3ÚF< ö©ô�áÛî`ö



Øoö �BÑ��lÕi¼VÂ��ÔÕPºJ»�Ç�ÆäÐ×Õi»½Ê-¾J¿

����óüø á���Ú;%,à î`æäö©ð!��ÞUô�æ<à áÛô ÞUî æ�ö$��áÛô�ý�áÛï<ýÛö©ïBÞUï�á��,ô�ýBî`ç�öÏó@à ô�àÜóH��ó�á,õ!�-%�� Ò ì qa í�%4�©ÞUô�ß¯ö�Þ �
��ï�á<ðPâ
àÜó@ÞUî`ö3ý@ßPå

� Ò ì�a í � � Ò ì qa í ø ·
Ù

aÈó qa
~yÓ

¤
Ò t ì�ÛÚÜ·�Ûí

ë�ç,ö©ï�ö qa à æ8î`ç�öwóBö3ÞUæ���ï�ö3ý¡�DÞÛø �,öZá,õ�î`ç�öÔÞÛó-��øÜà î���ýaö$%�ÞUô�ý ~9Ó à æ�î`ç�ö\�,ô0��ö©ï�î�ÞÛà ôiîYå áÛô qaNÚ�*nç�à æ
Þ �
�,ï�á�ðJàÜó@ÞUî�à áÛô/î���ï�ô�æ@á��,î\î`á ß¯ö\�Ûö©ï�å Þ��"����ï<ÞUî`ö*à ô ï�ö3ÞÛøÜà î�å$%T� Ò ì�aNíBß¯ö3à ô
����ÞUï<ÞUß¯á,øÜà��Zà ô&Þ ë�àÜýaö
ï<ÞUô��Ûö\ÞUï�á���ô�ý qaNÚ

�Ûï�á,ó÷òU°PÚ"ÛÚÜ·�8à î�õbá,øÜø á<ë�æcî`ç-ÞUîy%¥Þ �,ÞÛà ô õ áÛï�ö3Þ�� ç��êÞÛø ��ö¦á,õ � G

� Ò ì�aF��·Ûí � � Ò ì qa í ø ·
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·Hó qa
~ Ó
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Ò � ì�ÛÚÜ·Uñ,í

*³ç�ö�áÛær�©àÜøÜøÜÞUî�à áÛô��êÞUô�à æ�ç�ö©æ@õ áÛï�a`� ��áÛô�î`ç�öÏáÛô�öÏç�ÞUô-ý
%�ÞUô-ý(à î\Þ��Ûö©ï<Þ �Ûö©ægî`áMh©ö©ï�áüõ áÛï � ]ÜÛ
ý(�,ötî`á&/�ô�à î`ö¦ï�ö©æ�á,ø ��î�à áÛôZáÛô î`ç,ö�áÛî`ç�ö©ï<ÚN*nç,ö©ï�ö3õbáÛï�ö$%Dî`ç�ö\õ á,øÜø á�ë�à ô
�8ö$°¾�-ÞÛøÜà îYå��©ÞUôZß¯ö�ë�ïVà î`î`ö©ô

� Ò � � ì`ÞUôiå�a íD�À� ��§ � Ò ì�a � �Ûí�ì�ÈÀ� � í t ì�ÛÚÜ·ÛúÛí
ÞUô�ý�î`ç,ö©ï�ö3õbáÛï�ö$%¥õbï�á,ó{ò;°iÚ¾ÛÚÜ·��%

� � �À� Ò ì qa í ø ·
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~yÓ

¤
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,©õ�òU°PÚ¾ÛÚÜ·��8à æ�æ���ß,î`ï<Þ���î`ö3ý õ ï�á,ó{ò;°iÚ"ÛÚÜ·Uñ�%,î`ç�ö\õbá,øÜø á<ë�à ô
� õbáÛï<óH��øÜÞ@à æcáÛß�î�ÞÛà ô�ö3ý
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Ù

·Tó qa
~yÓ

¤ ó ·
Ù
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¤
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ë�ç-à��5çüÞÛøÜø á�ë�æcî`ç�öf�êÞÛø ��öBá,õ¯k-� î`áÏßeö9�©ÞÛø�����øÜÞUî`ö3ý
%�õbáÛïäö3Þ��5ç � %eõ ï�á,ó1î`ç�öR/�î¦ÞÛó+��øÜà î���ýÛöÏÞUô�ýNà î`æT��ô,â
��ö©ï�î�ÞÛà ôiîYå3ÚH*nç�à æ§õ áÛï<óH��øÜÞ�ë�ÞUætÞÛø ï�ö3ÞÛýÛå��,à �Ûö©ô�à ôW7lö3õ=Ú2» ú���¼�ÞUô�ý@ÞÛøÜø á<ë�æ¦Þ¦ó@à ô�àÜóH��ó�á,õPî`ç�ö�øÜà éÛö3øÜà ç�áPáJý
á,õ,î`ç�ö¦ë�áÛï<øÜý\��á,ócß�à ô�ö3ý ý,ÞUî�Þ\ìÒáÛï�ÞUôiåNáÛî`ç�ö©ï���á,ócß�à ô�ÞUî�à áÛô�ílî`á@ß¯ö@ø áPáÛéÛö3ý(õbáÛïVÚ

L��ML���� ÝO+7$%4¯9|X¯�4$%(¡$%&�*.+
*nç,öR�,ï�á��¯ö©ï�î�à ö©æ�á,õ�î`ç�ö8ÞÛó+�-øÜà î���ýaö\óBö©î`ç�áJý õ áÛïg�2b�áÛær�©àÜøÜøÜÞUî�à áÛô�æBë ö©ï�ö�æ�î���ý�à ö3ý à ôÔýÛö©î�ÞÛàÜø�à ôÔÞ+�-Þ �eö©ï
ì�7lö3õ=Ú;» 	�¼Yí-ëcï<à î`î`ö©ôZßiåW<U�0�"�©à á�8§ß�ß-ÞUô�ö©áZÞUô�ý ócåPæ�ö3øÜõÒÚN*nç,ö�î`ç�ï�ö©ö\ó@ÞÛà ôc�Ûö$��î�à áÛô�æ�á,õ�î`ç�à æN��Þ �¯ö©ïgÞUï�ö
ï�ö"�,ï�á¯ý��0��ö3ýNß¯ö3ø á�ë ìÒæ�á,óBö��5ç-ÞUô
�Ûö©æÏá,õ-ô�áÛî�ÞUî�à áÛô ÞUï�ö�à ôPî`ï�áJý(�0��ö3ýÔõbáÛï\��áÛç�ö©ï�ö©ô0��ö8ë�à î`çÔî`ç�ö8ï�ö©æ�î�á,õ
î`ç�à æ�î`ç,ö©æ<à æ<í`Ú-,�ô��aö$��î�à áÛô¿ÛÚ�ÛÚÜÙ ÞUô-ÞÛø åPî�à��©ÞÛø¯ö©ð!��ï�ö©æ�æ<à áÛô�æ\õ áÛï�î`ç�öÏö©ð.�¯ö$��î`ö3ýNæ�ç-Þ �eö�á,õJî`ç,ö ó�ö3ÞUæ���ï�ö3ý
ÞÛó+�-øÜà î���ýaö@ÞUô�ý à î`æN�,ô0��ö©ï�î�ÞÛà ôiîYåüÞUï�ö$%¥õ áÛï�î`ç�öK/�ï�æ�îäî�àÜóBö$%¥ýaö©ï<à �Ûö3ý,ÚT*nç�ö�æ<ó@ÞÛøÜøJÞUô-ý øÜÞUï��Ûö8õ ï�ö$°¾�,ö©ô0��å
øÜàÜó@à î`æ@ÞUï�ö ý�à æ����,æ�æ�ö3ý
%�ÞUô�ýÞUô Þ �
�,ï�á�ðJàÜó@ÞUî`ö à ôPî`ö©ïm��ï�ö©î�ÞUî�à áÛô à ô(î`ö©ï<óBæBá,õD�aá���ïVà ö©ïtî`ïVÞUô�æ<õ áÛï<ó@ÞUî�à áÛô�æ
à æR��ï�á��¯áÛæ�ö3ý�Ú+�aö"�Ûö©ïVÞÛø�ó@à æ�âm��áÛô0��ö"��î`æ+��ï�ö©æ�ö©ôiî à ôZî`ç�ö���ï�ö"�Jà á���æ�øÜà î`ö©ïVÞUî���ï�ö ÞUï�öM�©øÜÞUïVà /�ö3ý�ÚK*nç,öz��ï�áÛß,â
ÞUß�àÜøÜà î�åüá,õ-áÛß�æ�ö©ïm�¯à ô
�æ�î�ÞUî�à æ�î�à��©ÞÛø0>
�0��î��-ÞUî�à áÛô�æ�ëcç�à��5çÔë á���øÜýwõÒÞUéÛö Þ@æ<à �Ûô�ÞÛø�à ô/Þ æVÞÛó+��ø ö\ë�à î`çÔî`ç�ö
áÛæ��©àÜøÜøÜÞUî�à áÛô(õbï�ö$°y��ö©ô0��å\õÒÞUï-ßeö©åÛáÛô-ý�î`ç�ö�æ�ö©ô�æVà î�à �¯à î�åNà æ�ÞÛø æ�á@ý�à æ�����æ�æ�ö3ý�Ú�,�ôO�aö$��î�à áÛô�ÛÚ�ÛÚ� î`ç�ö æ�î`ï��0��î���ï�ö
ÞUô�ý8î`ç�öZõ ö3ÞUî���ï�ö©æ�á,õ�Þ�î`á�åiâ5ö©ð.�¯ö©ï<àÜó�ö©ôPîK�Ûö©ô,ö©ï<ÞUî`áÛïz��æ�ö3ý\î`ç,ï�á��
�Ûç�á���îBî`ç�öQ��Þ �¯ö©ï�%³ÞUô-ý\î`ç-à æ�î`ç�ö©æ<à æ�%
ÞUï�ö ýaö©ær��ï<à ß¯ö3ý�ÚR8Î��ï�á'��ö3ý(�,ï�ö�î`áNî���ô,ö�î`ç,ö��-ÞUï<ÞÛóBö©î`ö©ï�æ�á,õ¥î`ç�öÏæ<àÜóN�-øÜÞUî�à áÛô à ô�áÛï<ýaö©ïBî`á ï�ö"��ï�á¯ý(�2��ö
î`ç�ö�áÛß�æ�ö©ïm�Ûö3ý\��ô2��ö©ï�î�ÞÛà ôPî�à ö©æZà ô�Þ&��ÞUï�î�à�����øÜÞUï ÞUô�ÞÛø åiæ<à æ áÛïO��á,ó�ß-à ô�ÞUî�à áÛô*á,õ�ÞUô�ÞÛø åiæ�ö©æZà æQ�,à �Ûö©ô�Ú^,�ô
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� o ì vxç(y|�_} íhî vxç(yxp�/ �,äco ì vxçqy�� g } h vxç(yxp � Qh���.>"� ïbM9Pç²æÈçN�Xä7�,ã �Lt]ê ã >r�&9Pç%4�æjç�
 åPç(�\��D%�74��&9Tça��>*�²ãH/H/H���3ã ���.>�ã ���&9Pça>*��6X �/ ç%���\��/ D<>Èç�$7[.����$Sw ã >U�&9Pça13��/ åPç�I9.��>jç(� ã �0�&9Pç]-7�&�3ã �PäL4�å.�����3ã ��� éaAC9Tç+67ã � ãH67ã z����3ã ���mbÙã �&9 æÈç(>5 Cç����a�&� g / ç���$�>V�&�c�&9Pçð�����\$Pã �3ã ���
ñ� ñ
ã¤ç }.h#vxç(y3} íhî vxç(y|� g }P�h vxç(y

ì vxç(y ea� g �Xi�jk�lnmpoq j lnmpo
� � ï v$è,éH��e�y

bM9 ãH�Û9���/H/ ��bM> g �&�+PCç+$,ç(�$ç²æ*67ã �Pç�$Pé
Ì!£\�sr�t�d\�<Ë � ãH6VãH/H�Xæ*/ D�[ÿ�&9Pç4AC���(���KPYç]brælã �&�$ç(����>

A � � ñ� ñ
ã(ç o } íCî vxçqy|� g }.hOvxç(yxp �

ì vxç(y ï v$è,éH����y
�&9Pç+67ã � ãH6Vã z����3ã ���L�747bM9 ãH�Û9 äTã 1,ç(>

ñ� ñ
ã(ç }.h#vxçqy3} íhî vxçqy#� g }P�h vxç(y

ì vxçqy
� ��� v$è,éH�,è�y

uv
3å����3ã ���.>�è,éH��eg����$5è,éH�,è%PO���&95äTã 1,ç g � eð4{�,æVw¼�¢tXê é�â��,æXwxw�¢tXê �&9Pç(D�XæÈçÙç�
 åzã 1ÿ��/ ç(�)�
ãH4 g }.h#vxç(y�ã >J�Pç²ä7/Mã äTã P�/ ç,���76X ��XæÈç�$��&� ì vxç(y$éAC9Pç�ç(') PæÈç(>5>lã ���0�74 g íhî vxwJyM�(���LPYç+$�ç²ælã 1,ç�$04�æ"�76yuz
¸é²è,éH�,èð��>

g íCî vxwJy_�
ñ� ñ
ã¤ç }.h#vxç(y3} íhî vxç(y

ì vxçqyñ� ñ
ã(ç } �h vxç(y

ì vxçqy
� v$è,éH���7y

AC9Pç�æÈç(>Èå\/ �3ã �Pä0��6X �/Mã �$å�$�ç+�ÿåTæ"1,ç(>!4T�,æ%tXê �]* ï e � ï e *X 7>*�#�V�Xæjç]>"9.��bJ� ã � âzã äTéZè,éHe ���,é%{i�:�&�� 0�74�&9Pç+�ÿåPæ"1,ç(>@[)1ÿ��/ åPç(>V��P.���,ã �Pç�$04�æ"�76 �&9Tç+/Mã ;,ç�/Mã 9.�<�#$�-7�%v�uv
Ëé²è,éH��e�yJ�XæÈçð��/ >5�c>"9.�*bM� éaAC9PçX�	b��ð-.�&�3ã �Pä6�ç(�&9.�#$�>Z�XæjçÏã ��$,ç²ç�$�ç�
3å ã 1ÿ��/ ç(�)�c4{�,æSw � t]ê[���>�ç('< Yç����$ç�$.[7bM9 ãH/ çZ>"�76�ç,$Pã sCç²æÈç(���ÿç:�� . Yç��Xæ">Z4T�,æw|w� tXê é
AC9Pç-ç(') Cç����$ç�$l��6] �/Mã �$å�$�ç0ã >�å.� ã �	D¼���Yw � tXê é â��,æ�w~} t]ê[C�&9PçgPCç(9\�&1	ã �,åPæK$�ç( Yç(��$�>���Ft]ê v&4T�,æ�äTã 1,ç(�+æjç(>"�7/ å.�3ã ���.>*y$éVô��K�&9 ã >�ç('#��6X �/ ç�[C4T�,æ�t]ê � e *2 7> �#� �&9Pç�ç(') Cç����$ç�$B��6X \/Mã �$å�$�ç

ã ���ÿæÈç���>Èç(>Y6X���.���&��� ãH�(��/H/ Dyé
AC9Pçpç(') PæÈç(>">lã ���7>J$�ç²ælã 1,ç�$�4T�,æh�&9Pç�A���-.�M��/H/ ��b ��/ >"�]�&9Tçpç(') Yç����$ç�$�å.���ÿç²æ"���,ã �)�¹DY���Y�&9Pç%6�ç���>jåPæÈç�$��6X �/Mã �$å�$,ç]�&�cPYç�ç('<�$æ*�����$ç�$7[

A � v g�� ���Jy|��A � v g yj� e ï v$è,éH� *�y
bM9 ãH�Û9 ã �0�$åPæ"�häTã 1,ç(>

���VvxwJy_� e
ñ� ñ
ã(ç } �h vxçqy

ì vxçqy
� v$è,éH����y
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õmö3òÿò{ñmþ{ûËö3î9ùyþ ð{ö�ð¹�9ñ�ð	�9ñ�ü³íï÷�í³ð�V&W��)�m�
I>ñmþ{ölü³ýyð¦íïö3î9þ�ö��CY[Z:»]\�¾Mó�^�ú3î9ù/��aS»���^@\��T÷·úlò{ñpú3þÿþÿý9÷�ñjùZ�Mö3ò>ð	�9ñ�ð¹�9òÿñjñ&û9üïö3ð{þq�
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ôq4���ä7/ ��P���/�67ã >"���Xä0 Pæ5��P���P ãH/Mã �¹D(:�;h[�����$,�&9PçK^\`V>lã ä�����/U4�æ*�����3ã ��� ã ��&9PçL$.�����0}q`Z�XæÈç5ã �)�$æ"�O$,å��ÿç�$.[�&9Pç�ç(') PæÈç(>">lã ���F4{�,æJ�&9Pçð��6X �/Mã �$å\$�ç+�ÿåPæ"1,çÐæjç�6c�,ã �.>rå.�\�I9����Pä,ç�$7[ÿPPå.�a�&9Pç�ç(') Yç����$ç�$�å.�\�ÿç²æ"���,ã �<�	D:����&9Pç+��6X �/Mã �$å\$�çNPYç����76�ç(>*[#4T�,æZ�S>"�����3ã >5�3ãH��>S�74C3 ç(1,ç(�<�&>*[

� �#�� vxwJyc�  3¢v&eM�_��: ; y3} ` ñ� ñ
ã(ç } �h vxçqy

ì vxç(y
� v$è,éH�,ê�y

AC9Pç]>Aã ä�� ã -��(�����ÿçN�74��&9Pç+6�ç���>ÈåPæÈç�$0��6] �/Mã �$å�$�çVã >V�&9Pç²æÈç�4T�,æÈçyë

� íhî vxwJyj� g íhî vxwJy
� íCî� vxwJy � ñ� ñ

ã(ç }.h#vxç(y3} íhî vxçqy
ì vxçqyñ� ñ

ã¤ç } �h vxç(y
ì vxç(y

 3 v&eJ�_��: ; y3} ` � v$è,éH��R�y

AC9 ã >%/H���&�$ç²æ�ç�
 å\���3ã ��� ã >Z���,æjæÈç����M����/ D,PYç��(�Xå.>Èç g ����$s�����XæÈçBã ��$�ç( Yç(��$,ç(�<�3é
AC9Pç+��6] �/Mã �$å�$�çN>Aã ä�� ã -��(�����ÿç,�ÿåPæ"1,ç(>�4{�,æ!t]ê ��* ï e � ï e *2 .> �#� �XæjçN>"9.�*bM� ã � â�ã äTézè,éHe ��P éXAC9Pç�.�,æ*6c��/Mã z����3ã ���d�742�&9TçÙå.�\�ÿç²æ"���,ã �<�	D�[�ã �L�&9Tç!>*��6�ç!-Pä,åTæÈç�[ ã >��Xæ"P ã �$æ@�XælãH/ D��I97��>Èç(�B�&�ð9��"1,çs����� ���=*���Mw�� e *2 .>��#�Xé
AC9Pç�ç(') Yç����$ç�$0>Aã ä�� ã -��(�����ÿç*ã >g6c��'	ãH6c��/r���!w � tXê é â��,æ!w¡} tXêÜã �g$�ç��ÿæjç���>Èç(>!b�ã �&9.�,å.�

æÈç����I9zã �Päcz²ç²æ"� ã �K�&9PçÐæ*���Pä,ç1ç('< �/ �,æjç�$PéaAC9Pç+$�ç��ÿæjç���>Èç-ã >!6]�,æÈç]>*6X�)���&9?4T�,æM9 ã ä�9013��/ åPç(>V�74�tXê é
AC9Pç�ç('< Yç����$ç�$V>"9��� Yç��74��&9Pç]/Mã ;,ç�/Mã 9.�<�#$.[3��>M�(��/H�ÿå�/H���$ç�$c4�æ"�76j�&9Pç]��6X �/Mã �$å�$�ç]����$�ã �&>�å.���ÿç²æ"���,ã �)�¹D

å.>lã �Pä¢uz
¸é²è,éHe,ê�[ ã >M>"9.�*bM� ã � â�ã äTé è,éHe ���²é
£ �Í���x�@¤<¥¹¥7�`¤¤���. Í i�.��¦¼ Í�.��¦7�¢§�¨
ô	�!�&9PçV/MãH67ã �\�74@1,ç²æ"D]>*6+��/H/(�,æ\1,ç²æ"D+/H�XæÈä,çSt]ê[�>5�76�çS�� . Tæ"��'	ãH6c���3ã ���.>a�(���!PYçV6+��$�ç�ã �!�&9PçS4T�,æ*6�å�/H�Xç�[bM9 ãH�Û90DYã ç�/H$�>lãH6X �/Mã -Pç�$�ç('< Pæjç(>">lã ���.>M�74:ç���>lã ç²æKã �<�$ç²æ5 PæÈç(�����3ã ��� é
© ���. Í �§ª¨8Ë ô(4C���C« e���tXê ï ������è(« e���tXê[.�&9TçN��>*�²ãH/H/H���3ã ��� ã >J>@/ ��b ����$K6c�XæjäTã ����/H/ D���sCç����$ç�$P<Dg�&9Pç�æÈç(>5�7/ å.�3ã ��� éJAh9 ã >%/MãH67ã �M9.�7/H$�>Ùã �0�&9Pç+�(��>Èç!�74�^C¬Z��>*�²ãH/H/H���3ã ���.>AéUô(4.�&9Tç�æÈç(>"�7/ å.�3ã ��� ç(s:ç����&>��XæÈç�Pç²ä7/ ç����$ç�$.[�uv
Ëé²è,éH���m�(���KPYç�æÈç(bræAã �&�$ç(�?��>

g íhî vxwJy_�
ñä ã(ç]è�ç(') �v&�Nè.çqyM����>7whçX����>CtXê:ç

ñä ã¤çXèrç('< \v&�Nè3ç(yM����> � whç ï v$è,éH��f�y

bM9 ãH�Û9 äTã 1,ç(>
g íhî vxwJy �

è�è � � vxw � tXêy � � è�è � � vxw�_tXêy �
e � è �è � � �hw �

� v$è,éMè ��y
AC9Pç-æÈç(>Èå�/ �3ã �Täd>"9��� Yç*ã >+>"9.��bJ� ã � âzã äTé�è,éHe�e,é AC9Tçd$����&>�>Èå. Yç²ælãH6X O��>Èç�$?�XæÈç:��P.���,ã �Pç�$dbÙã �&9l�&��D
ç('< Yç²ælãH6�ç(�<�&>�ä,ç(�Pç²æ*���$ç�$F���Z�&9Pçð>@��6�ç+13��/ åPçg�74C�&9Pçm4�æÈç�
3åPç(����D�[&ã ���(/ å�$Tã �Pä5æÈç(>5�7/ å.�3ã ���Ñç(s:ç����&>Kv&4T�,æ$�ç(���,ãH/ >]���B�&9PçZ>lãH6rå\/H���3ã ���d>Èç²ç � ç����3ã ��� è,éMè,éMè $#�&9PçZ ��Xæ*��6�ç(�$ç²æ5>�å7>Èç�$*ã �L�&9PçKä,ç(�Pç²æ@���3ã ���j�XæÈçY�&9.��>Èç�74.>@��6X �/ ç(> © �&9Pç²æÈçg$�ç(-.�Pç�$.y$éiAC9Tç]�¹b��+>"9��� Yç(>%�XæÈç-ã �+
 å\��/Mã �����3ã 1,ç�/ D ä��<�#$K�Xä,æjç²ç�6�ç(�<�3é
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â�ã ä,åPæÈç7è,éHe�e,ë�Ãh�9ñ��Mýyü³üÊõmý9ò	·lñr�lí¶·lñjþ�ð¹�9ñpñ5Å�ûËñjõmð¦ñjù�þ��9ú3ûËñ�ö*�Pð¹�yñpúl÷�û9ü³íïð¦ýyù9ñi�Mö3ò�úIþÿí¸�3î9úlü¸úlð�V&W »¢\�¾ ^6û9þqÀ7ÂÆh�9ñmî*ú3üïü;òÿñjþÿö3üïý9ð¦íïö3îSñ	TËñjõmð¦þ1úlò{ñ�îyñ5�3üïñjõmð¦ñmù��=Ãh�yñ7ù9ö3ð{þÐú3òÿñ�ö3øyð¦ú3íïî9ñmùmÆ�íïð¹�+ú5ð¦ö.�5ñÁÅ�û¸ñmò{íï÷�ñjî�ð�í³îdÆh�yí³õ&�
òÿñjþÿö3üïý9ð¦íïö3î&ñ¶T¸ñmõjð¦þCú3òÿñ6þÿí³÷Iý9üïú3ð¦ñmù!ÇHÆh�yñjòÿñ·Y[Z:»]\�¾Mó�^�ú3îyù4��aS»e�@^�\��T÷cÈ¹�ÿÃh�yñZðIÆzö>þ	�yú3ûËñjþCú3òÿñ	í³îrú*�3òÿñjñm÷�ñmî�ð��
£ �.��¦7�/§ª¨8Ë ô	�+�&9 ã >S/MãH67ã ��[<bM9zãH�I9m���,æjæÈç(>" O����$�>h�&�Z�&9PçræÈç²äTãH6�çJ�74#^\`���>@�²ãH/H/H���3ã ���.>*[)�&9Pçræjç(>"�7/ å.�3ã ���
ç(sCç����&>Y$��767ã �����$çyé�ôq4CtXê0` � e *2 7>@�#�]����$s���!�����He *�[7�&9Pç(�¸������è(¹º���H�,è2 .>@[3bM9 ãH�I9Ñã >Z/H�XæÈä,ç²æS�&9����e���tXê ` � ���=�,ê2 .>%����$%�&9Pç²æÈç�4T�,æÈç�ãH6X �/Mã ç(>i�&9���������/ D7ç(1,ç(�)�&>abÙã �&9,>*6c��/H/� Pæ"�� Yç²ær�3ãH6�ç������)�$ælã PPå7�$çV�&��&9PçZ>Èç(�.>Aã �3ã 1Yã �	Dyé � ãH67ãH/H�Xæ@/ D�[2����;Yã �Päª�����x���He��h .>ÐäTã 1,ç(>»���·}8e���tXê0`�[�bM9zãH�I9 ãH6X �/Mã ç(>c�!>Èå.P.>5�����<�3ãH��/$.��6] ã �Pä=�74��&9PçF��6X �/Mã �$å�$,ç0�74��&9PçK��>@�²ãH/H/H���3ã �PäF�$ç²æ*6 $,åPç0�&�?�&9Pç?$�ç��(�"D / ç(�Pä��&9 æÈç(>"�7/ å.�3ã ���zé ô	��&9 ã >g�(��>Èç�[i�Kå.>Èç�4�å�/h�� . Pæ5��'	ãH6c���3ã ��� ã >!�&����>">Èå\6�çc�&9����N�&9Tçc�$ç²æ*6 ì vxçqyÙã �¼uv
Ëé²è,éH���m1ÿ�Xælã ç(>!>*/ ��bZ/ D���76X \�XæÈç�$i�&�M�&9PçJ4x��>"�|��>@�²ãH/H/H���3ã �PäV�$ç²æ@6�}.h#vxçqy&[�bM9 ãH�Û9Bã >|�.���7�Iz²ç²æ"�Ùã �ð�M/MãH6Vã �$ç�$a�3ãH6�ç>æ@���Pä,çJv$â�ã äTéyè,éHf�y&[����$Z����;,ç-ã �M�,å.�a�747�&9PçVã �<�$ç²ä,æ@��/Méhô��:�&9 ã >Mb]�&D,�&9Pç�ç(') PæÈç(>">lã ���?�(���0PYçS>AãH6X �/Mã -Pç�$:����$�æjç(brælã �&�$ç(� ã ��$ç²æ*6]>M�74.�&9TçBâ��,åPælã ç²æV�$æ*���.>*4T�,æ*6c���3ã ���L�74.�&9TçN��>*�²ãH/H/H���3ã �PäB���76X O���Pç(�<�&>@[

g íhî vxwJy �
ñ� ñ
ã(ç]}.h#vxçqy3} íhî vxç(y
ñ� ñ
ã¤çN} �h vxç(y � ñ� ñ

ã�½¿¾ 4Sh#v�½.yÀ¾ 4 íhî v�½.y
ñ� ñ
ã�½ ¾ 4Sh � v�½.y � v$è,éMè�e�y

Ah9PçY�� 7 Pæ"��'	ãH6c���3ã ��� ã >a13��/MãH$Z����/ D ãH4.P2���&9gw�����$,tXê �XæÈçc/H�XæÈä,çyéMAC9Pç�4�å.�����3ã ���.>v¾ 4Shm�XæjçS>59.��bM�
ã � â�ã äTé6è,éHe����c4T�,æ%��4�ç(b $Pã sCç²æÈç(�<�a13��/ åPç(>M�74.w¼Áne �2 .>��#�mé�âzã ä5è,éHe����M>"9.�*bM>a�&9Pç] Pæ"�#$�å������747�¹b��c�74�&9Pç(>jçVâ��,åPælã ç²æV�$æ*���.>*4T�,æ*6c���3ã ���.>V�&� ãH/H/ å.>"�$æ@���$ç%�&9Pç]PYç(9��"1Yã �,åPæJ�747�&9Tç�æ*���3ã �Sã �+uz
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z<��|E�<� {�xDv��l��z�y�� {��w�~}z�y�|(��x¦t���xD��� ³��¦�×��z�����x®z���|(��x²���&~d�<y�x�|(x�~�te��t}xDv�� {�|(��x²td��yU�����&|E� z<{��

¼:½�¾ Ú È�Ý���Ç�¾«Ý�� ¾ �´¾"!�¾�Â
ÑË��x²tÜ� �<{�� ³����&{���x®z���|(��x�y"� {���ye��y z<��t}x�~��<xDvw� {�|(��x�¢¦£ v�� t}|(~d� ����|E� z<{ÒÌ ± � �����<� � Ðu� tux�t}|E��y��&|(xDv¬�«�
��z�y�����|E� {���|(��x²��~�z<���&������� |p��|(���&|���t}|(~}����|(��~}x¬�&tÍz<~®y�z<~}x·��{����  <xD� �Ø� tUz<��t�x�~}�<xDv�� {Ò��td�<y���� x·:� |(�
¢�Î�ÏÍ� �&~e��x��<z<{�v®|(��x·t}x�{�td� |E� �¡� |p�D�
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± � �<��~}x¶�<� ��� �10�24365�7984792484:"24365;7(<>=>?@79=>A4793B2C5>DFEG24HIEG2C=>HIDKJ@79DI2CELD9ACMF:ONBJPDRQTSUH92CMV7924:�792XWU2C7Y7924MXZ[7Y\>J�A�]4JPH9^AC_4JT`>3Ba"J@HKJ@5O?@JbWUJP7dc�JPJ@5 :U2C3B5;79D�`>3BDK7YAC5;7feg84hC8"i�8je�kfDK7YJP:>D�3B5l79\>JbA4M�:>N63B79=>`>JfDK?@A45mA4HKJ�DK\>2�cL5$QonL\>JbN63B5>JPD
?P24HKH9JPD9:"245>`�7Y2�7Y\OJ�NB36M�3B7L2CE$5>2�?P24HKH9JPNBAC7Y36245pW"J@7dc�J@JP5�:"24365;7YD�Q
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Toy experiments

± � �<��~}x��<� ��u �wvX365>36M�Ax2CEzyF{lEG2CH}|4k4kCk~DKA4M�:>N6J@D}24Ez7d�;:"Jx��ZCcL367Y\TyI�f�L��eg�4k�:>D����@Q[nL\OJ�?P=>H9]CJ@D�H9JP:>HKJ@DKJ@5;7?@2C5�7924=>HKDw2CE�J@�;=>ACN$:>HK24WOA4W>36NB367d�T24E�2CW>D9JPH9];365>_�A�]�ACNB=OJI24E�yF{�D9M�ACNBN6J@H�7Y\>AC5 yF{(ZUACD�A�EG=>5>?@793B2C5�2CE����GACD�365S�3B_jQ��"Q6e��"�9Q

Ù�{�z<~��!x�~h|(z��!z@|(���&|E�Í� |�� ��|E�& <x�{§� {�|(zá�<����z<��{�|�|(���&|h|(��x���~}z<���&������� |p��z��µz<���}x�~}�¡� {�������� �<x�{
�¯�<� ��x¬z��Í¢�£ � ���¬{�z<{�ß<|(~d� �¡���<�B�Õ��{���|E� z<{�z��LU���¡~}z<���&������� |p� ��z<{�|(z<��~g��� {Ò|(��x¶Ì(¢�£ � UÐÍ�����&{�x¶Ì(���
� { ± � �����<� � �&��Ð��&~}x·������� |:�Õ~�z�y |(��x����&|E�¦��{���x�~}|E�<� {�|E� x��d�·ÑË��x¬��z<{«|(z<��~h��z<~�~}x��}��z<{���� {��"|(z"|(��x����&|E��d�<y���� x²� �U��z�y�����|(xO���(� å �<ç<ç<ç(�d�<y���� x��rz��<|p����x�ý::� |(��¢¦Î�Ï´å � ú<ç��z� û¡ü �&~�x·�&{��<� �U��xO�h�&{��u|(��x
{«��ye��x�~x� *��R����@� z���|(��z���xU|(���&|´��� �<x��:y�� {���yU��yâ¢�£( }¡£¢©¤æçez<��|��d�G�!xÍ|(��x®��z<{�|(z<��~¦��z<~}~}x��}��z<{���� {��¦|(z
|(��x����&|E�h� �e~�xD��z<~C�!xO���>��� {���x¦|(��x¦x�¸«��xD��|(xO�����<� ��x²z���|(��x"���  <xD��� ��z�z���� �e��z��d� |E� �<x¬�z<~·�<���þ�~}xD����x�{���� x��
Ì¤�}x�x ± � ���¨�<� � ô&��Ð(��z¡�������d� z<{��<��� �@|(��x�y�� {���ye��y � {@|(��xh~d�&{��<x�çuë ��u �z� û¡ü � �"�<� �}z���z��d� |E� �<xD�"Ñ¨��x��}x
y�� {���y����&~}x�{�z<|·��z<��{«|(xO���¡� {��!x���x�{��!x�{�|E� ��z���|(��x"�~}xD�E��x�{����w�&|>U�����×��|(��x��¬z�������~d�"�d� {���x�|(��x��¶���&{
{�z<|>��x"� {«|(x�~���~}x�|(xO�����®���d� �<{��<�¯z��Iz��d���������&|E� z<{��d�

ÑË��x:��z<�������&|E� z<{@z���|(��x®|(zE�wx�¸«��x�~d��y�x�{�|���� {w|(��x�Ì(¢¦£ � UÐr�����&{�x��<� z<{���:� |(��|(��x:��z�� {�|���z<~�~}x�Ó�}��z<{���� {���|(z�|(��x����&|E���d�<y���� xD�þ� �~�}��zde{©� { ± � �����<� ��u �
ÑË��x"��z<{�³��!x�{���x"� x��<xD��� �®��z�y�����|(xO�����

� ë õ óG¥ló�¦ � *��R����P�� �Y�@� å ç ó ç<� �I§ ç ó ç<ç<� ó Ì(�<��� � Ð
ÑË��x���|(���!��� �Í~}x���xD�&|(xO��:� |(�©�<ç<ç<ç��d�<y���� x��Íz���|,�«��x�ýIÿp�þ�&{��®�¡� xD�G�;�

� ë õ óG¥ló å ç ó ç<�<� § ç ó ç<ç � ó Ì(�<��� u Ð
ÑË��� �¨���<� ��xe�����µ|(z²��xB��{��!x�~g��|(z«z������u�¦��z<{z�}x�~��¯�&|E� �<xux��}|E��y��&|(xÍz�� |(��x>��~}z<���&������� |,�®z��O�}|E�&|E� �}|E�����<�¨ ����|(���&|E� z<{��d�z�Ü� {���x�� |h� ��z<��|E�<� {�xO�¬:� |(��x�¸«��x�~d��y¦x�{«|���������� |Í|(z¬���(�<x�� zE�x�~¦��z�� {«|(ß<|(z<ß<��z�� {�|h��z<~�~}x�Ó

���&|E� z<{z�¦|(���&{@|(���&|�x�¸���xD��|(xO�@�z<~�|(��x��}�<x�~d�&�<x�z��þ~}xD�<���&{��<� �U�}x��Ü�hÑË��x©��� �}|(~d� ����|E� z<{wz��þ|(��x�y"� {���y��



ª$« %�&¡Áµ¾�ÛÜÃ À©¾«Ý¡ÅE¿�Â('°¾�Å�½�È¡Ç

-8

-7

-6

-5

-4

-3

-2

-1

0
r

0
r

2 4 6
s

8
t

10 12 14 16 18
ω¬  (ps-1)



∆L
m

in

Data

Toy experiments

± � �<��~}x��<���<ç���v�3B5>36M�A�24E[yF{®EG24HL|Ck4k4kFDKA4M�:>N6J@D¯2CE$7d�;:"JF�z°xcL367Y\fyx� � ��e��Ck�:>DP�$�@Q�nL\>J�D9ACM�J�?@=>HK]4JPDLA4D365�S�36_��"Q6e�±FA4HKJ(D9\>2�cL5[Q

�z<~´|(��� �¦������xh� ���}��zde{Ø� { ± � �����<���<ç<�eÑË��xb��� Ô�x�~}x�{���xu��x�|p�x�x�{�|(��xÍ���<� ��x��Bz���²´�«���<��� � �&{��1²r�����<��� u
��� �<x����&{�������x�~²����y�� |:�z<~e|(��x·��{���x�~}|E�<� {�|p�Ø��z�y�� {����Õ~}z�y |(��x¬���<�× �z����X�!x�|E�<��� xO���d��yU�����&|E� z<{��

Ñ¨��x¬��~}z<���&������� |,�©|(���&|�|(��x�:� {�|(x�~ ��u�u�u ~}x������ |�z��¨|(��x��z<~d�G�F��z�ye��� {��&|E� z<{�z��I³�Ï¦z��Ü���������&|E� z<{
�&{��<� �"�}x���¦���o�!��x�|(zF���}|E�&|E� �}|E�����<� ¨ ����|(���&|E� z<{����&{Ò��x¬|(��x�~}xD�Õz<~�x¶�E���&{�|E� ³�xO�w|(z@��x@�&~}z<��{��Ò��´��
ÑË��xU��{���x�~�|E�<� {«|,�¬z<{�|(��� �B{���ye��x�~¦��z�y�� {����Õ~�z�y�|(��x�� {��<������~d�<��� x��ez��¯|(��x��d��yU�����&|E� z<{	� �B��xD� zE � ´��

Ú ÈIÀ	Á�¿�ÛÜÃ ÞEÈ�Ý�µ�ÃÄÅ�½�Å�½�¾�È�Þ¶� ÃÄÂÄÂÄ¿�Å�ÃÄÈ�Ý ½�·¡ÁµÈIÅ�½�¾�Þ�ÃÄÞ
Ù�{·z<~C�<x�~l|(zh�×��xD�n ²|(���&|�|(��xu�<y������ |(���!xw����xD��|(~���yFz<�z��x�~}�<xO�:� {:|(��xF���&|E�Í� �>� {��E���<��� |E�&|E� �<x²�&�<~}x�xDy�x�{�|
:� |(�©|(��x����«��z<|(��x��Ü� �·z���z��d���������&|E� z<{z�Ü�>ú<ç<çX�d�<y¦��� x��·z���|,�«��xØý¶���}�<x¬��x�x�{Ø��~}z��<����xO���¡®� |(� � {�����|
�~}xD�E��x�{����"¢�Î Ï å ��� ó � �z� û¡ü ��ÑË��x�x�¸«��xD��|(xO���<y������ |(���!x��&{��U��{���x�~}|E�<� {�|p���&|ËxD�<�n���Õ~}xD�E��x�{����¦���<� ��x�&~}xp�}��zEU{�� { ± � �����<��� � ��®� |(��|(��x1���&|E�¦��z�� {«|��x�}����x�~d��y���z��}xO���eÑË��x¬�&�<~�x�xDy�x�{«|h� �U�<z�z��hzE�<x�~�|(��x
e��z�� x"�Õ~}xD�E��x�{�����~d�&{��<xD�
¸æ�E���&{�|E� |E�&|E� �<x1��|(���!��z��l|(��xw��z�y����&|E� ������� |,�	z���|(��xm���&|E�h:� |(�Ø|(��x��d� �<{��<�¡�«����z<|(��x��d� �·�z<���G�

~}xD�E��� ~}xu|(zh��x�~d�z<~dy¥�Í³�{�xF�Ü���&{�z<{¶¢¦Î�Ï¨:� |(�Øy��&{����d�<y���� x��·�&|>xD�<�×�����<� ��xD�¡� {�z<~C�!x�~>|(z��!x�³�{�xh�
��~�z<���&������� |p��|(���&|U|(��x®~}x��}��� |��Íz<�z�}x�~}�<xO���&~}x®��~}z��!����xO�����	�&{�z��Ü���������&|E� z<{Ø:� |(�����~}xD����x�{����Ø� {w|(��x
~d�&{��<x¦x�¸«��� z<~�xO���eÑË��� �U �� {��®z��$�}|(���!��� �Í{�z<|·�&|(|(xDy���|(xO�"��x�~}xD�
¸¹�Ü��y���� x©�n��xD�× �� �¬��x�~d�z<~dy�xO��� {��}|(xD����� ÑË��xÒú<ç<ç��Ü�<y���� x���:� |(��|(��xw|(~}��xwz��d���������&|E� z<{â�&|@�

���<� ��x®¢¦Î�Ï¬å ��� ó � �z� û¡ü �&~}x��&{��<� �U��xO�¬� {�|(x�~dy��´z���|(��xD� ~�� {���z�y����&|E� ������� |,�":� |(�¬|(��xU{�z<ß<z��Ü���������&|E� z<{
���«��z<|(��x��Ü� �d�´Ñ¨��x(�d���&|(|(x�~r��� z<|¨z�� |(��x·���  <xD��� ��z�z��"y�� {���y��¦� {h|(��x²Ì ¢�£ � UÐ������&{�xD�����Í�Õz<~¨|(��x��d�<y���� x��
:� |(��¢�Î�Ï¬å � ú<ç����!û¡ü&�¡� �U��~�x��}x�{«|(xO��� { ± � ���<���<�<�
¸u{	x�{����&{���xO�®�<x�{z�d� |p��� {©|(��x"~}x���� z<{ ��� �z� û¡ü ¤��¤ ��º �z� û¡ü ��ë²�¦¤ù¢�£ y�� { ¤ùë � � ������zEe{
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∆msÀ  = 14.8 ps-1

Data

± � �<��~}x§�<��� � ��Áw]CJ@HKA4_CJ�A4M�:>N63B79=>`>JlA45O`�JPÂ�:"J@?P7YJP`�=>5O?@J@HK7YAC3B5;7d��A4D�A
EG=>5>?P7Y36245�24E���EG24H�A�DK36_45>ACNxAC7yx�b�b�Ãe�hUÄ ÅÆ:>DP���PQfnL\>J�A4M�:>N63B79=>`>J�]�ACNB=OJ@D�Z[24W>79A4365>J@`�W;�1A�]4JPH9AC_4365>_b�4k4k�7Y2��1J@Â;:UJPH936M�J@5;7YD�Z[A4HKJ�365�_42;2;`
A4_CH9JPJ@M�J@5;7�cL3B79\T79\>J�`>AC7YA�M�J@A4DK=>HKJ@M�J@5;79DI�GDK24N63B`T:U2C3B5;79DR�9Q
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Toy experiments

± � �<�zÊgË��<���<���IvX365>36MFA�24E�yF{
EG2CHw�Ck4k�DKA4M�:>N6J@Dw2CE�7d�;:UJ���ZOcL3B79\Xyx� � �ÌeghOÄ Å�:>DP�$�@Q}nL\>JxD9ACM�J~?@=>HK]4JPDwACD3B5bS�36_"Q��"Q6e�±FA4HKJ(D9\O2�cL5$Q
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� Î�Ï(�zË���� Ð�ÏE��¸ ��� �z�gÏ�Ë�ÊXÐ���Ë�¸��[Ë�ÊÜ�GÑ�Ë�ÎUÏ��":� Ï(�ÒÑ�� Î��GÑ�ÓÔÓ�ÏXøå ��u �z�<û¡ü¬� �lÓ<� �gÐá��� ËOÓ�Êd� �Ò�¡� �d� ��� ËO�
�ÕÐ�Ê�Ï(�zË��gËÖË�¸«��Ë�Êd�GÑ�Ë�ÎUÏ���Ï(�zËw� ÐE�Ë��gÏ®��Ð�� ÎUÏ�Ð���Ï(�zË@���  �ËD��� �zÐ"Ð����Ó��©Ó�ÏpÏ(�zË"�[Ð<��Î��zÓ�Ê}�mÐ��ÆÏ(��ËXÊgË���� Ð�ÎÓ�Î�Ó<� �"�gËO����²¡¸���Ë�Êd�GÑ�Ë�Î"Ï��::� Ï(�ù¢�£ Ñ�� Î ¤ ë²ú Ó&����ËOÓ�Ê�Ó�Ï��ÕÊgËD����Ë�Î���� Ë���� ÐE�Ë�ÊfÏ(��Ó�Î�Ï(��ËÖÏ�Ê}��Ë�Ð�ÎzËD�
e��Ë�ÊgË ¨ ���KÏ(��Ó�ÏE� Ð�Îz�Íe�����n�©��Ó�Î��zÊ@Ð��!���KËf��Ë�Ë���Ñ�� Î��GÑXÓfÓ�Ê@ËÖÑ�Ð�ÊgË¬���  �ËD� �D�
× �zÏbÐ��wÏ(��Ë��gË	ú<ç<ç©�CÓ�Ñ¦��� Ë��d� � ç��Ë�ÊgË��ØÐ<�zÎ�� Ð<�zÏ��d�G�;Ë©Ï(�zËoË��gÏE�GÑXÓ�Ï�Ð�Ê��KÐ�Î"Ï�Ð<�zÊ@�KÐ�ÊgÊgË��}��Ð�Î���� Î��Ï�ÐmÏ(�zË �zÓ�Ï4Ó<��U�����×����� ��Ë���Óh�zÊgÐ<��Ó&������� Ïp�ÙÐ�� ��º ´"��ÙG��Ï(�zËÔ�zÓ�Ï4ÓXÊgË��}��� Ï��®�Ë�Ê@Ë"��Ë�Êd�ÕËD�KÏE� �Ú	YÏp��������Ó<�G�

�KÐ�Ñ���Ó�ÊgËO�bÏ�ÐXÏ(�zËpÏ�ÐE���CÓ�Ñ���� Ë��Ü�jÏ(�zË�Ë�¸��[ËD�KÏ�ËO�XÊgË��}��� Ï>�Ð<���G���[Ë�ú<ç�´��

Û�ÜGÛ�ÜÞÝ ßwàzá�â�ãYä�ãYå�ãYä¶æèç�ãYé�ã�ä;ã�á�êìëKí�îïä;ð�ñ>â
ò � Ô[Ë�ÊgË�ÎUÏ®�óÓ<�KÏ�Ð�Êg�b�;Ë�Ï�Ë�ÊCÑ�� Î�Ë�Ï(�zË¦��Ë�Êd�ØÐ�Ê�ÑXÓ�Î��KË�Ð���ÓX³�Ï¯Ð��d�������GÓ�ÏE� Ð�Îz�fÓ�Î�Ó<� �"�d� �TÓ�Î���� Ï��IÊgËD� Ë��ïÓ�Î��KËÖÓ�Ï
��� �<���ïÓ<� �zË���Ð���U��U�zË�ÊgËpÏ(��Ë:�zÊ@Ë��gË�ÎUÏ�� ÎUÏ�Ë�Ê@Ë��gÏ�� �d�·Ñ�ÐE�mË�¸«��Ë�Êd�GÑ�Ë�Î"Ï��XÓ�ÊgË®��Ë�Ê}���z�gËD����ïÏ�Ð��d�GÑU���GÓ�Ï�ËÏ(�zËÒ�GÑ���Ó<�KÏÖÐ���ËOÓ<�×�ôÓ�Î�Ó<� �"�d� �@� Î���ÊgËO��� Ë�Î"Ï@Ì¤�}���×��Ï(�zËoÎ���ÑU�[Ë�Ê�Ð���Ë���Ë�ÎUÏ��d�~Ï(�zËoÊ@Ë��gÐ�� �zÏE� Ð�Î�Ð�Î�Ï(�zËÑ�Ð�Ñ�Ë�ÎUÏ(��ÑõÐ�Ê¯Ð�ÎXÏ(�zËp�;ËD��Ó}��� Ë�Î���Ï(��Ð�Ð�ÎXÏ(��Ëe³zÎ�Ó<���}��Ó&�[Ë(Ð��OÏ(�zË�Ó�Ñ������ Ï(���;Ë��gÏ4Ó�ÏE� �gÏE����Ó<�D�zÎ��KË�Ê@Ï4Ó<� ÎUÏ,�Ó���Ó·��zÎ��KÏE� Ð�ÎÖÐ��"Ï(�zËIÏ�Ë��gÏ��ØÊ@ËD���zË�Î����fU��Ñ¨�zË~Ï�ÐE��Ë�¸«��Ë�Êd�GÑ�Ë�Î"Ï����;Ë��d�KÊd� ��ËO��� Î¶�;ËD�KÏE� Ð�Î¶�<���<���TÓ�Ê@ËTÓ<� �gÐ
�z�@ËO�®�zË�ÊgËD�

± Ð�Ê ÓÙ³ Ï Ð��d�������GÓ�ÏE� Ð�Îz�ÙÓ�Î�Ó<� �"�d� �¬®� Ï(�Ò�ö�gËD� ËD�KÏ�ËO�ÙË���Ë�Î"Ï��d��ÓÙ³ Ï �ØÊ�Ó<�KÏE� Ð�ÎÚ÷ Ï �FÓ�Ï�Ð�Ï4Ó<�FÑ�� �gÏ4Ó&�
�zÊ@Ð<��Ó&������� Ïp��øOù¨��Ó�Î���Ñ�Ð�Ñ�Ë�ÎUÏ(��ÑúÓ�Î��õ�;ËD��Ó(� � Ë�Î���Ï(�õÊgË��@Ð�� �zÏE� Ð�Îz�

ïUû�ü�ý Ó�Î��õþ�ÿn�~Ï(��Ë �@Ï4Ó�ÏE� �gÏE����Ó<��zÎ��KË�ÊgÏ4Ó<� ÎUÏ,��Ð�ÎÌÏ(�zË�Ñ�ËOÓ��}�zÊgËO� Ó�Ñ¦����� Ï(���;Ë®Ó��lÓØ�Õ��Î��KÏE� Ð�ÎÌÐ���Ï(�zË©Ï�Ë��gÏ@�ØÊ@ËD���zË�Î����� � �"��� ��Ë�Îá���²´�«���<���<ô<��ÑË��� �IËD����Ó�ÏE� Ð�Îm�}�zÐd~�IÏ(��Ó�ÏxÏ(�zË�Î���ÑU�[Ë�Ê�Ð��$Ë���Ë�Î"Ï��d��Ï(�zË²��� Ð<��Ó<��Ñ�� �gÏ4Ó&�"��ÊgÐ<��Ó&������� Ï,�D��Ó�Î��Ï(�zËh�ÕÊCÓ<�KÏE� Ð�Î©Ð��ï�d� ��Î�Ó<�OË���Ë�Î"Ï��:� Î�Ï(�zËF�CÓ�Ñ���� Ë��KÐ�Î"Ï�Êd� ���zÏ�Ë�Ï�ÐbÏ(�zË�ÎzÐ�ÊCÑ�Ó<��� � Ó�ÏE� Ð�Î�Ð��jÏ(�zË��zÎ��KË�Ê@Ï4Ó<� ÎUÏ,���� �@Ï�Êd� ���zÏE� Ð�Î�:� Ï(��Ð<�zÏ�Ó&Ô[ËD�KÏE� Î���� Ï��x�}��Ó&��ËD�

� ÛÜÈ�Ár¾«Û�Å�ÃÄÀ	¾�Ûd¾�Þ�ÈIÂ Æ�Å�ÃÄÈ�Ý
ÑË��Ë���ÊgÐ<��Ë�ÊTÏE�GÑ�Ë©ÊgË��gÐ�� �zÏE� Ð�ÎÒÓ&Ô[ËD�KÏ���Ï(��Ë©�}��Ó&��Ë�Ð��LÏ(�zË®Ó�Ñ������ Ï(���;Ë©�gÏ4Ó�ÏE� �gÏE����Ó<�µ�zÎ��KË�ÊgÏ4Ó<� Î"Ïp� Ó��mÓ
��zÎ��KÏE� Ð�Î
Ð��LU�wÙKÎ���Ë�Î�Ë�ÊCÓ<���~Ó¬��Ë�Ï�Ï�Ë�ÊTÊ@Ë��gÐ�� �zÏE� Ð�Î��KÐ�ÊgÊgË����[Ð�Î��;��Ï�Ð Ó��CÑXÓ<��� Ë�Êo�;Ë���Ê�Ó��zÓ�ÏE� Ð�Î�Ð��LÏ(�zË
�zÊ@ËD��� �d� Ð�ÎÔÐ�ÎÙÏ(�zËoÓ�Ñ������ Ï(���;ËoÓ�Ï¦��� �<�á�ÕÊgËD�E�zË�Î����D��ÑË�zËfÏ,�Ð©�KÐ�Ñ¦�[Ð�Î�Ë�ÎUÏ��¬�ÕÊgÐ�Ñäe�����×�ÔÏ(�zËh�zÊ@Ð<�[Ë�ÊÏE�GÑ�Ë�� �FË��gÏE�GÑXÓ�Ï�ËO����Ó}��Ë©Ó1��� Ô[Ë�ÊgË�Î"Ï��GÑ���Ó<�KÏxÐ�ÎlÏ(�zË��}��Ó&��ËpÐ���Ï(��Ë:�zÎ��KË�ÊgÏ4Ó<� ÎUÏ,�D�:Ñ�ÐE�mË�¸«��Ë�Êd�GÑ�Ë�ÎUÏ��
��Ó�Î���Ë"�z�gËO�©� Î�Ï(��� ����Ó��@ËÖÏ�ÐF����� �z�gÏ�ÊCÓ�Ï�Ë��gË���Ó�ÊCÓ�Ï�ËD� �ÙÏ(�zË1Ë�Ô$ËD�KÏTÐ��

ï
ÿxÓ�Î��

ï û ü�ý ��Ù9Î ± � ���´�<���<�lÓ<����zÎ��KË�ÊgÏ4Ó<� ÎUÏ,����� ÎzË���Ó�Ê@Ë�Ð<�zÏ4Ó<� Î�ËO�¶�ØÊgÐ�ÑVÏ(�zË©Ó(��Ë�Ê�Ó&��ËXÐ��µ�<çT�CÓ�Ñ���� Ë��u®� Ï(��� å �<ç<ç<ç<ç<�¯÷GÏ�å � ú�´��øOù¶åæ�<ú�´"�jÏ(�zË�ÊgË��@Ð�� �zÏE� Ð�Îz�TÓ�Ê@Ë¦�jÓ�Êd� ËO�mÓ��®�ÕÐ���� ÐE~�Ü�
Ó�ÑË�zË�ÊgËD�ÕË�ÊgË�Î��KË���Ó�Ñ���� ËD�¡������¡��� ÎzËO�

ï
ÿ·åæ�<ç<ç��wÑ��

ï û ü�ý å � ú�´��
Ó��IÓ�Ê}��� Î��mÑ�Ð�Ñ�Ë�Î"Ï(��Ñ ÊgË��@Ð�� �zÏE� Ð�Î����zÓ�����Ó@�;Ð�Ï�Ï�ËO����� Î�ËO�

ïOû�ü�ý å ô�´��
Ó��IÓ�Ê}��� Î��mÑ�Ð�Ñ�Ë�Î"Ï(��Ñ ÊgË��@Ð�� �zÏE� Ð�Î����zÓ�����Ó@�;Ð�Ï�Ï�ËO����� Î�ËO�

ï û ü�ý å � ´��
Ó��IÓ�Ê}��� Î��m�;ËD��Ó(�	� Ë�Î���Ï(��ÊgË��gÐ�� �zÏE� Ð�Î����zÓ��}�zËO����� ÎzËO�

ï
ÿ·å ��º ç��wÑ��

Ó��IÓ�Ê}��� Î��m�;ËD��Ó(�	� Ë�Î���Ï(��ÊgË��gÐ�� �zÏE� Ð�Î����zÓ��}�zËO����� ÎzËO�
ï
ÿ·å �<ú<ç��wÑ��

± Ð�Ê��ïÓ<� �zË��©Ð��(Ï(�zË��ÕÊgËD�E�zË�Î������CÑXÓ<��� Ë�Ê©Ï(��Ó�Î�� � ó ú��z� û¡ü ��Ó<���wÏ(��ËÒ���zÊ���Ë��	�KÐ�� Î����G�;ËO�ÔÏ(��Ëw�zÊ@Ð<�[Ë�ÊÏE�GÑ�ËoÊgË��gÐ�� �zÏE� Ð�Î �;Ð"Ë�� Ó<�GÑ�Ð��gÏÖÎzÐ�ÏmÓ&Ô[ËD�KÏÖÏ(��Ë��zÎ��KË�ÊgÏ4Ó<� Î"Ïp������Ê}��Ë�� Î�Ï(��Ó�ÏXÊgË���� Ð�Î��
	wÐE�Ë���Ë�Êd��Ó��Ï(�zË��ØÊgËD�E�zË�Î����Ø� Î��KÊ@ËOÓ��gË��d��Ï(�zË�Ë�Ô[ËD�KÏxÐ����ïÓ�Ê}�¡� Î��XÐ�ÎzË�Ð��[Ï(�zË�Ïp�Ð1ÊgË��gÐ�� �zÏE� Ð�ÎF�KÐ�Ñ���Ð�ÎzË�Î"Ï��Í��ËD�KÐ�Ñ�Ë��
�¡� �d� ��� ËD��¸FÎ��GÑ��zÊ@ÐE��ËOÑ�Ë�Î"Ï�Ð���Ï(�zË�Ñ�Ð�Ñ�Ë�ÎUÏ(��Ñ Ê@Ë��gÐ�� �zÏE� Ð�Î�� ËOÓ��;��Ï�ÐÙÓ ¨ Ó�Ï�Ï�Ë�Ê¬����Ê}��Ë�Ó�Ï�Ñ��G�!ÓdÊCÓ�Î���Ë
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Reference:   σl
�  = 200µm, σp� /p = 15


%

Momentum resolution: σp� /p = 4


%

σp� /p = 7


%

Decay length resolution: σl
�  = 160µm

σl
�  = 250µm
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± � �<�zÊgË��<���<���®0ÆHK24:"J@H�7Y36M�JXHKJ@DK24N6=>7Y36245 J@a"J@?P7�245l7Y\OJfA4M�:>N63B79=>`>JX=>5O?@J@HK7YAC3B5;7d�;QlnL\>JX`>JP?@A���N6J@5O_47Y\lAC5>`M�24M�J@5;7Y=OM HKJ@DK24N6=>793B2C5>D�A4HKJX]RA4HK36J@`Ù365Ù7Y=OH95Ù792�36NBN6=>DK7YHKA47YJÖ7Y\>JP3BHTDKJ@:>ACH9AC7YJf36MF:OA4?@7�245Ù79\>J�DK\>AC:UJÖ24E�7Y\OJ
A4M�:>N63B79=>`>J�=>5O?@J@HK7YAC3B5;7d��ACDLA�EG=>5>?@793B2C5b24Eï��Q

�ØÊ@ËD���zË�Î���� Ë���� � ó ú>ë � ���z� û¡ü �����zÏ(Ï(�zË��zÎ��KË�ÊgÏ4Ó<� ÎUÏ,�Ø���zÊ}��Ë�ÊgËOÑXÓ<� Î��pÓ��~�gÏ�Ë�Ë���Ó��~Ï(��ËFÊ@ËD�ØË�ÊgË�Î��KË�Ð�ÎzËD�Ó�ÏB��� �<�@�ÕÊgËD�E�zË�Î����D��¸ª�×��Ó�Î���Ë�Ð��jÏ(��Ëf��ËD��Ó(��� Ë�Î���Ï(�©ÊgË��gÐ�� �zÏE� Ð�Î�ÊgË��}��� Ï��¦� ÎÙÓ��×��Ó�Î���Ë�Ð��jÏ(�zË��d� Ð<��ËxÐ��Ï(�zË��zÎ��KË�ÊgÏ4Ó<� Î"Ïp�����zÊ���Ë��ÕÐ�Ê�Ó<�����ïÓ<� �zË���Ð���Ï(��Ë��ØÊgËD�E�zË�Î����mU�[Ï(��� ��Ë�Ô[ËD�KÏ¬� �¦��Ó�ÊgÏE�������GÓ�ÊÜ� �Ò�GÑ���Ð�ÊgÏ4Ó�Î"Ï
� Î�Ï(�zË�ÊgË���� Ð�ÎmÐ��Ë� ÎUÏ�Ë�ÊgË��@ÏE�ÆÓ�Ïe��� �<���ØÊgËD�E�zË�Î���� Ë��Ü�eÑË�zË���� Ô[Ë�ÊgË�Î"Ï:�GÑ���Ó<�KÏIÐ<�z�gË�Ê}��ËO�w�ØÐ�Ê

ï
ÿ¯Ó�Î��

ïUû�ü�ý ��}�zÐd~�~Ï(�zË"�KÊ}�����GÓ<�ïÊ��Ð�� Ë�Ð���Ï(�zËÖ��ËD��Ó(�Ø� Ë�Î���Ï(�oÊ@Ë��gÐ�� �zÏE� Ð�Î�� Î
ÓX³�Ï¯Ð��d�������GÓ�ÏE� Ð�Î Ó�Î�Ó<� �"�d� �d�

%�!�¾�Ý¡Å�����·��(¾U!I¾«Ý¡ÅhÇ�¾"� ¿U·�Â ¾�Ý���Å�½ Æ�Ý�� ¾�ÛdÅE¿�ÃÄÝ¡ÅP·
Ù9ÎìÓ<����Ï�Ðd�ÙË�¸��[Ë�ÊÜ�GÑ�Ë�ÎUÏ��®�zÊgË��@Ë�ÎUÏ�ËO�����®Ï�Ð��zË�ÊgËD��Ï(�zËÖ�CÓ�Ñ�ËÔ�;ËD��Ó(� � Ë�Î���Ï(��Ê@Ë��gÐ�� �zÏE� Ð�Îù� ��Ï4Ó& �Ë�Îù�ÕÐ�ÊÏ(�zË1�CÑ�ËOÓ�Êd� Î�� Ð��~Ó<����Ë���Ë�Î"Ï���� Î
Ï(��Ë¬��Ë�ÎzË�Ê�Ó�Ï�ËO� �CÓ�Ñ���� ËÔÓ�Î��mÏ(��� �bÊgË��gÐ�� �zÏE� Ð�Îù� �bÏ(�zË�ÎÒ�z�gËO��� Î�Ï(�zË
³zÏ�ÏE� Î��Ò�Õ�zÎ��KÏE� Ð�Î���	wÐE�Ë���Ë�Êd�e� ÎõÓfÊgËOÓ<��Ó�Î�Ó<� �"�d� �bÎzÐ�Ï1Ó<���ÆË���Ë�ÎUÏ��h��Ó(��Ë1Ï(�zËD� Ê��@ËD�KÐ�Î��zÓ�Ê}�¶��Ë�ÊgÏ�Ë�¸�ÊgË�Ó
�KÐ�Îz�gÏ�Ê}���KÏ�ËO�h:� Ï(�mÏ(�zË��CÓ�Ñ�Ë:�zÎ��KË�ÊgÏ4Ó<� Î"Ïp�D��ÙKÏ:� ���GÑ���Ð�ÊgÏ4Ó�ÎUÏIÏ�Ð"�z�gË1Ó�ÎoË���Ë�Î"Ï(Ó×�«��ÓdË���Ë�ÎUÏ�Ë��@ÏE�GÑXÓ�Ï�Ë�Ð��Ï(�zË®�zÎ��KË�ÊgÏ4Ó<� Î"Ïp��Ó�Î��XÎ�Ð�ÏxÏ(�zË©Ó(��Ë�Ê�Ó&��ËfÐ���Ï(�zËT�CÓ�Ñ���� ËD�®ÑzÐ¶����� �z�gÏ�Ê�Ó�Ï�ËTÏ(��� �h�GÓ��@Ïu��Ð�� Î"ÏE���<ç��CÓ�Ñ¦��� Ë��Ð��l�<ç<ç<ç<ç�Ë���Ë�ÎUÏ��Í:� Ï(�®��� Ô[Ë�ÊgË�ÎUÏp��ËD��Ó(�¶� Ë�Î���Ï(��ÊgË��gÐ�� ��ÏE� Ð�Î��jÓ<� ��Ë��:Ì ��� ´ Ó�Ï � ç��wÑ��þ�<ú�´ Ó�Ï � ú<ç��wÑ��
�<ô�´ Ó�Ïw� � ç��wÑ�� � ç�´ Ó�Ï��<ú<ç��wÑ�� � ç�´ Ó�Ï � ó � ÑXÑ�Ð¦�Ë�ÊgË���Ë�ÎzË�ÊCÓ�Ï�ËO���ÖÑË�ÐÌ��� Ô[Ë�ÊgË�Î"Ï�³zÏ����Ë�ÊgË��Ë�Êd�ØÐ�Ê�Ñ�ËO����� Î�Ï(�zË²³�Êg�gÏ²��Ó��gËD�ïËOÓ<�n�mË���Ë�Î"ÏU�Ó��U³�Ï>�z�d� Î��fÏ(�zË���ËD��Ó(�	� Ë�Î���Ï(�mÊgË��gÐ�� �zÏE� Ð�ÎÒ� Ïe��Ó�����Ë�Ë�Î
��Ë�ÎzË�ÊCÓ�Ï�ËO�w:� Ï(���B� Î
Ï(�zË1�gËD�KÐ�Î����(Ó<���ÆË���Ë�ÎUÏ��h�Ë�ÊgË�³zÏ·:� Ï(�
Ï(�zËÔÓ(��Ë�ÊCÓ&��Ë©Ê@Ë��gÐ�� �zÏE� Ð�Î�Ð���Ï(�zË�e�zÐ�� Ë�CÓ�Ñ���� Ë�Ì�� �<ô<ç��wÑ�Ð(��ÑË�zËTÐ�Ï(�zË�Ê���Ó�ÊCÓ�Ñ�Ë�Ï�Ë�Êg�

ï û ü�ý �}÷ Ï ��Ó�Î��Öø ù �Ë�ÊgË��×�zÐ��@Ë�Î�Ó���� ÎlÏ(�zËTÊgËD�ÕË�ÊgË�Î��KË�CÓ�Ñ���� Ë¦���gËO��� Î�Ï(�zË¦��ÊgË���� Ð<���:�;ËD�KÏE� Ð�Î��
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Reference

Event-by-event resolution

Average decay length resolution
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± � �<�zÊgË��<��� � ���Æa"J@?@7L2CE�7Y\>J�`>JP?@A���NBJP5>_479\THKJ@DK24N6=>793B2C5T79H9JPA479MFJP5;7L245b7Y\>JIA4M�:>N63B79=>`>J~=>5O?@J@HK7YAC3B5;7d�;Q�nL\>J�=>DKJ2CE�J@]CJ@5;7Y^¤W;�;^óJP]4J@5;7�=>5>?PJ@HK7YA4365;7Y36J@D}36D¯?@2CMF:OA4HKJ@`p792�7Y\>J�=OD9J(24E[7Y\OJ�A�]4J@HKA4_CJw=>5O?@J@HK7YAC3B5;7d�;Q

Ñ¨�zË�ÊgË��}��� Ï�� �I�}��ÐE~ÎÒ� Î ± � �����<��� � �¦ÑË��ËÖ�zÓ��}��Ó@��Ð�Ï�Ï�ËO����� ÎzË��KÐ�ÊgÊgË��}��Ð�Î��;��Ï�ÐÖÏ(�zË·³�Ïee�zË�ÊgËpËOÓ<�×�Ë���Ë�Î"ÏÍ�Ó���Ï�ÊgËOÓ�Ï�ËO�¬:� Ï(�F� Ï��FÐd~Î��;ËD��Ó(�©� Ë�Î���Ï(� Ê@Ë��gÐ�� �zÏE� Ð�Î��²Ñ¨�zËp�CÓ�Ñ�Ë:³zÏ�ÏE� Î�����zÎ��KÏE� Ð�Î��Ó����z�gËO�
�ÕÐ�Ê�Ï(�zË�Ê@ËD�ØË�ÊgË�Î��KË���� Î�Ë©Ó�Î����ÕÐ�Ê�Ï(�zË��;Ð�Ï�Ï�ËO�¶��� ÎzËD��:� Ï(� Ó��d� Î���� ËbÊgË��@Ð�� �zÏE� Ð�Î¶�jÓ<� ��ËTÐ��r�<ô<ç��wÑ���ÑË�zË��� Ô[Ë�ÊgË�Î��KËB��Ë�Ïp�Ë�Ë�ÎfÏ(�zË��gË·�GÓ��@ÏLÏp�Ð¦�zÎ��KË�ÊgÏ4Ó<� Î"Ïp�����zÊ}��Ë��UÌ(������jÓ�Î��b�;Ð�Ï�Ï�ËO��Ð¨� �I�!��Ë�Ï�Ð�Ï(�zËB�zÊ@Ë��gË�Î��KË(Ð���gÐ�Ñ�Ë~Ë���Ë�ÎUÏ��B:� Ï(�"��Ë�Ê}�f�CÑXÓ<���$�;ËD��Ó(��� Ë�Î���Ï(�ÖÊgË��gÐ�� �zÏE� Ð�Î¶� Î�Ï(��Ë~�gËD�KÐ�Î����CÓ�Ñ���� ËD�>ÑË��Ëe³zÏU� ���gË�Îz�d� ÏE� ��ËÏ�ÐÔÏ(�zË��@Ë©Ë���Ë�ÎUÏ��d�wË���Ë�Î§���wÏ(�zË���Ó�Ê@Ë©ÎzÐ�ÏfÏ�ÊgËOÓ�Ï�ËO� Ó�ÏXÏ(��ËD� Êh�[Ë��@ÏE��	wÐE�Ë���Ë�Êd��Ï(�zË���� �Ì��� Ô[Ë�ÊgË�Î��KË	� �Ó&����ÊgËD���GÓ�Ï�ËO�¦��Ë�Ïp�Ë�Ë�Î�Ï(��Ë��;Ð�Ï�Ï�ËO��Ó�Î���Ï(�zË��zÓ�����Ó@�;Ð�Ï�Ï�ËO�"��� Î�Ë��d�BÑË�zË�Ë���Ë�Î"Ï��CÓ�Ñ¦��� Ë��xÓ�ÊgË~Ë�¸�Ó<�KÏE� �XÏ(�zË�CÓ�Ñ�ËO�XÏ(�zËÙ��� Ô[Ë�ÊgË�Î��KËØ����� �z�@Ï�ÊCÓ�Ï�Ë��XÏ(��Ó�Ï�Ó�ÎèÓ��;ËD�E��Ó�Ï�Ë©Ë���Ë�Î"Ï(Ó×�«��ÓdË���Ë�ÎUÏ@�×��Ó�Ê�Ó<�KÏ�Ë�Êd� � Ó�ÏE� Ð�Î�� Î��KÊgËOÓ��gË���d� ��Î�� ³���Ó�ÎUÏE� ��Ï(�zË·�[Ð�Ï�Ë�Î"ÏE�GÓ<�ïÐ���ÓX³�Ï¯Ð��Ü�������GÓ�ÏE� Ð�Î�Ó�Î�Ó<� �U�d� �Ü�
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