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Neutrino angular resolution at 1 TeV and 100 TeV
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ÿë�ì�ðò÷�ìÒ�a��î��®õ�ùòð�d�í°ôËó�ì�í�î�í�ñ���ùòó�ñ�����ó�ì�íjõ�÷�÷-�+�C��ù�õnósí°ô}î�í°ñ�íTõnî�÷�ì#��ö®í�ù�í°÷°ó�î����®õ�ü�ö�íxósðòñ��Î�P0���ù�ù"� ë�ð�ö�üósì�íS&tð�í�ósì�í-��î�û�ÿ��Ó�=��ù���÷�ìb�[ë�ñ�É�ð�ê�4X¿�Ê�Ãhþqõ�ö�ôZ�Fð�ö�ñ%ósí°ð�ö êv4�¿b4�Êhþ�ô�í°ø�í�ù"��ýgí°ôÞõ"ósì�í-��î�ûtî�í°ù õnó�í�ô|ó��ósì�í�ñ�÷Tõ�ó�ósí°î�ðòö�üº���
ù�ðòü�ìhó�úhû"ñ��®õ�ù�ù��Wñ�÷�õ�ù�íqñ�ósõnósðòñ�ó�ð�÷Tõnùgô�í°ö�ñ�ðOóWûÒË���÷°ó\��õnósð"��ö�ñ�ðòö}ù�ð")3��ð�ô�ñ°ÿ�ë�ì�ðò÷�ì~ù�í�õ�ôó\�ró�ì�í�ñsõ$�®í�ü�í°ö�í�î�õ�ù�î�í�ñ���ùòóqõ�ñZósì�í(�=��ù�í°÷���ù�õ�îLósì�í-��î�û"ô�í°ø�í�ù���ýgí°ôtúhû#�qõTû�ù�í�ðòü�ìp�P	jö'ð��Ëý���î%ó�õ�öhóô�ðòñ�÷�� ø�í�î�û�ë�õ�ñQñ��Ó��ö�ó\���a��ù�ù"�[ëvÿ ó�ì�õnó�úhûCÔ�ì�õ�ö�ô�î�õ�ñ�í-É�ì�õ�îsõ(�qõ��®õ�ö}êv4�¿�2�Ã�þxÿ ë�ðòó�ì�ósì�í���ú�ñ�í�î%ønõnósð"��ö
���	ð�ö�í°ù õ�ñ%ósðò÷�ñ�÷�õnó�ó�í�î�ðòö�ü=���Qùòð�ü�ìhó ��î����0ùòð�)*��ðòô�ñ��


�ì�íZý�î�í�÷°í�ô�ðòö�ü�ùòð�ñ%ó�����õ��
ósì+��î�ñ�ë�ìb��÷���ö�ó�î�ðòú+��ósí°ô�ó��qó�ì�íZô�í°ø�í°ù���ýb�®í°ö�óG���+����î���ö�ô�í°î�ñ�ósõ�ö�ô�ðòö�ü
���oó�ì�íqý�î���ý�õ�ühõnó�ð���öS����ù�ð�ü�ì�óLðòö_�®õnó�ósí�îLðòñZ÷°ù�íTõnî�ùòûfö+��öÓ� í^]
ì�õ���ñ�ósðOø�ínÿ�õ�ö�ô_��ö�ùOû�ñ����Ëí�����ó�ì�í��®õ�ð�öõ���ó�ì+��î�ñ)ê1�=��ñ%ó®î�í�ùòí°ønõ�öhó"ó��3ósì�ð�ñ�ósì�í°ñ�ðòñ�þËì�õ ø�í�úbí�í�ö ÷�ðòó�í�ôp�ÖÕ���î�ð�ö�üCó�ì�ítóWëZí�öhósðòí°ó�ìÓ÷�í°ö�ó���î�û�ÿõÛù"��óÒ�$�vô�í°ósõ�ð�ùòí�ôÜë���î�ÉÜë�õ�ñ}÷Tõnî�î�ðòí�ô¹����ó"ó��Í��ö�ô�í°î�ñ%ó�õ�ö�ôÓó�ì�í�ý�î��
÷°í�ñ�ñ�í�ñ#�$��õ�ú�ñ���î�ý�ó�ð���ö õnö�ôñ�÷�õnó�ó�í�î�ð�ö�ü�ðòöC�®õnó�ó�í�î�ÿnú��nósìrðòöfñ��®õ�ùòùÈ�Wñ�÷Tõ�ùòíjê�í���ü+��)3��õ�öhó\�+�5ósì�í-��î�û�þQõ�ö�ôrù õ�î�ü�í^� ñ�÷�õ�ù�í��®í°ô�ð õfê�í$��ü+�ð�öhó�í�î�ñ%ósí°ù�ù õnîfõ�ö�ô@ð�öhósí°î�ý�ù�õ�ö�íxó�õ�î%û3ôb��ñ�ó�ÿLõnó\�=��ñ�ý�ì�í�î�ð�÷Ò��ý�ósðò÷Tõ�ùLý�ì�í°ö+���Ëí�ö�õ
ÿFîsõ�ô�ð�õnósð"��ö)ósî�õ�ö�ñ���í°îð�ö#��÷�í�õ�ö�ñ°ÿ�í°ós÷$� þ5�P×_í°ó�ó�ì�í�÷����Ëý�ùòí^]
ðòóWû_���	ö�õnó\��îsõ�ùgñ�û�ñ�ó�í��Ëñqðòñ�ñ���÷�ì ó�ì�õnó�����îf��ö�ô�í°î�ñ�ósõ�ö�ô�ðòö�üS���ósì�í
��ý�ósðò÷Tõ�ùoý�î���ýbí�î%ósð�í°ñ����Qñ���÷�ì|ñ%û�ñ�ósí-�®ñqð�ñ�ñ%ósðòù�ù���õnð�î�ùOû"ùòð��Ëðòó�í�ôp�

6#7lØ ÙÚ<½Oº>GO_B/Û�F @�>�>PH(IAÜ�B?>PH(I�@CÝ�>�9-O_BEN

�
÷�õnó�ó�í�î�ðòö�ü�õ�ö�ô}õnú�ñ���î�ý�ósð"��öoÿ�� ø�í°îZó�ì�í���ý�ósðò÷Tõ�ù�î�õ�ö�ü�í����gë�õTø�í�ù�í°ö�ü�ó�ì�ñ�÷-��ö�ñ�ðòô�í�î�í�ô}ðòö�ósì�ðòñLó�ì�í�ñ�ð�ñ°ÿ÷TõnöfúbíLó�î�í�õnósí°ô���ñ�ð�ö�ü�ósì�í_î�í�ñ���ùòó�ñ���î���� ó�ì�í_ó�ì�í���î�û(����÷�ù�õ�ñ�ñ�ð�÷Tõnù�í�ùòí�÷°ó�î����®õ�ü�ö�í°ósðòñ�� ê�ñ��b�_�®õ�î�ð"d�í°ôð�ö~ü�î�íTõ�ó�ô�í°ósõ�ð�ùgð�ö~í���ü+��ç�2$Þ è þ5��
��S��ú�ósõ�ð�ö®ósì�í�ñ���ù���ó�ð���ö}ó�� õrñ�÷�õnó�ó�í�î�ðòö�üS��î�õ�ú�ñ���î�ý�ósð"��ö~ý�î���ú�ù�í-�tÿðòóvðòñ��Ëí�î�í°ùòû�õß�®õnó�ósí�î(�$��õný�ý�ùòû�ðòö�ü}ósì�í°ñ�íËî�í°ñ���ùOósñ�ÿ�ó���ü�í°ó�ì�í�î�ë�ðOósì)ósì�í®õný�ý�î���ý�î�ð�õnósírú¤����ö�ô�õ�î�û÷���ö�ô�ðòó�ð���ö�ñ�ÿoó\�}û�ðòí�ù�ô)ó�ì�í�î�í°ñ���ùOó�õ�öhó�ý�ì+��ó���öE`�í�ùòôp�º0���î�ó�ì�ð�ñ°ÿ�í�ñ�ñ�í�öhó�ð õ�ùòùòû óWëf�ß��õ�÷°ó���î�ñ(�à��ñ�ó�úbí
É�ö+� ë�öpá�ósì�íjü�í-���Ëí°ósî%ûS����ó�ì�í�ðòöhósí�î�õ�÷°ó�ð���ö ÷°í�öhósî�í�õ�ö�ô®ðòó�ñ_í°ù�í°÷°ósî���ö�ðò÷jñ%ósî���÷°ó\��î�í�î�í�ù�õnósðOø�í�ó\�vósì�õ�ó
����ósì�ívñ���î�î�����ö�ô�ðòö�ü=�®í°ô�ð��+�Î�

��õnó���îsõ�ùòùòû�ÿ�õ�ô�ðòñ�ósðòö�÷°ó�ð���ö�úgíxóWë�í°í�öËóWëf��ô�ðÈ!�í°î�í°ö�óL÷°ù õ�ñ�ñ�í°ñ����bñ�÷Tõ�ó�ósí°î�ðòö�ü�÷�í°ö�ó�î�í°ñ_÷�õ�ö úgíf�"õ�ô�í
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��örü�î�����ö�ô�ñG����ñ�ð�d°í�á�ósìb��ñ�íZ÷�í�öhó�î�í�ñFñ��"õnù�ùhí�öb����ü�ìrñ���÷�ìfó�ì�õnóQó�ì�í�`�í�ù�ô�ð�ñ���ö�ðÈ�a��î��V� ø�í�îQó�ì�í�í°ö�ó�ð�î�íí^]�ó�í�öhó
���Fósì�í�ñ�÷Tõnó�ósí°î�ð�ö�ü}÷�í°ö�ó�î�ítê�÷�õ���ñ�ð�ö�ü"ó�ì�í õ�ö�ü���ù õ�îqô�ðòñ�ósî�ð�ú+�
ósð���ö¾���_ñ�÷�õnó�ó�í�î�í�ôÞý�ì+��ó���ö�ñ�ó��í^]
ì�ðòú�ðòó_�a��î�ë�õ�î�ôÓ�Wú�õn÷lÉ�ë�õ�î�ô;ñ%û3�_�Ëí°ó�î�û�þ®õ�ö�ôÓósì+��ñ�í|ë�ì�ðò÷�ì õ�î�ítù õ�î�ü�í�î|ê�÷�õ���ñ�ðòö�üÛó�ì�í)õ�ö�ü���ù õ�îô�ðòñ�ósî�ð�ú+�
ósð���ö ó��@úgí/�C��÷�ìÆ�=��î�í ÷����®ý�ùòí^] õ�ö�ô ñ�ósî���ö�ü�ùOû õ�ö�ü�ùòí|ô�í°ýgí°ö�ô�í°ö�ó�þ^�V
�ì�í�ñ�í�ë�ðòù�ù�úbíô�ðòñ�÷���ñ�ñ�í°ô�ð�ö/�
í°÷°ó�ð���ö�ñ�2Ó��Ìb�È4�õnö�ô½23�yÌb�y2�î�í�ñ�ýgí°÷°ó�ðòø�í°ùòû��f	�ý�õ�î�ó���î����0ósì�ívô�ðòñ�ó�ð�ö�÷xósð���ö#��ötü�î�����ö�ô�ñ
���Lósì�í�ì+���=��ü�í�ö�í�ðòóWû/���Fó�ì�í�ý�ì+��ó���ö½`�í°ù�ô ê�ë�ì�ð�÷�ìÞð�ñ��®õ�ðòö�ùòû'ô�í°ýgí°ö�ô�í°ö�ó
��ý¤��ö�ó�ì�í�ñ�ð"d�íº���Fó�ì�íñ�÷�õnó�ó�í�î�ð�ö�üt÷�í�öhó�î�í þ^ÿ	ó�ì�í®í°ù�í°÷°ósî���ö�ðò÷Ëñ%ósî���÷°ó���î�íËë�ð�ù�ùFô�í°ósí°î��Ëð�ö�íº��õ�÷xó\��î�ñ�ùòð�Éní ó�ì�íËý�î���ú�õ�ú�ð�ùòðòóWû/���õ�ú�ñ���î�ý
ósð���öÎ��îqðòö�í�ù�õ�ñ�ó�ð�÷�ñ�÷Tõnó�ósí°î�ð�ö�ü�ê�í���ü+���jõ��®õ�ö'ñ�÷�õnó�ó�í�î�ð�ö�üËõ�ö�ôßË��+��î�í�ñ�÷�í°ö�÷�íTþqë�ì�ð�÷�ì'ë�ð�ùòùoúbíú�î�ð�í-Ë�û~ô�ð�ñ�÷���ñ�ñ�í°ô|ð�ö/�
í°÷°ó�ð���ö¾2Ó��Ìb�yÌÓ�

â ã�ä�ã�å æ�ç~èGéÓébê�ë�ì�í�îðï ñòæ�óôè»õ�õ�ö[ê�ífé+ë�ê�÷pøÂù�ú½ì�í�÷3ébê�ì�í�û*æ�óôüfõ�ý�ç¤þ�ü�ÿ ÷ � ì��Lü�ë
ù��Æè~ñ�õ�ê�ìvîfþ�� æ�ç~èGéÓébê�ë�ì�í�î


�ì�íjì+���=��ü�í�ö�í�ðòóWûS�$��ósì�íjý�ìb��ó\��ö=`�í�ùòôÒ� ø�í°îZó�ì�íjë�ì+��ù�í�ñ�÷�õnó�ó�í�î�ðòö�üf÷°í�öhósî�í�ðòñZô�íxósí°î��Ëð�ö�í°ô"úhû ðòó�ññ�ð"d�í î�í°ù õnó�ðòø�ífó\�~ósì�í ë�õTø�í°ù�í�ö�ü�ósì¡���Lósì�í ð�ö�÷�ð�ô�í�öhóvîsõ�ô�ð õnó�ð���öp��0���î�ósì�í õ�ý�ý�î���]
ð"�"õnó�ð���ö�ñ�ð�ö�ó�ì�íô�í°î�ðòønõnó�ð���ö#�$�Qósì�ívó�ì�í���î�û~î�í�ù õ�ósð�ö�üró\�Ëñ��®õ�ù�ùgñ�÷Tõ�ó�ósí°î�ðòö�ü®÷°í�öhósî�í�ñ�ó\�Ëúgí�ønõ�ùòð�ôoÿ�ósì�ívîsõnô�ð���ñ��$�	ó�ì�íñ�÷�õnó�ó�í�î�ð�ö�üË÷�í°ö�ó�î�í�ð�ñ�î�í-)3��ð�î�í°ôtó��Ëúbí�ñ��®õ�ù�ùòí�î�ó�ì�õ�ö��
	���2�Êqç�2�Ñ è ÿ�ð���í��_ñ��®õ�ù�ùòí�î�ó�ì�õ�ö���2$ÊËö+� õ�óósì�ívë�õTø�í°ù�í�ö�ü�ósì�ñ����
�'Þ�Ê�Ê öb� ��ñ�í°ô|ðòö'ó�ì�íví^]
ýbí�î�ð"�®í°öhósñ�ô�í�ñ�÷�î�ð�úbí�ô ð�ö~ósì�ðòñ�ósì�í°ñ�ðòñ��
�Ó�"õnù�ù�÷°í�öhósî�í�ñQ÷�õ���ñ�ð�ö�üqñ�÷�õnó�ó�í�î�ðòö�ü�ðòövö�õnó\��îsõ�ùhë�õnósí°î�ñ�÷Tõ�ö�úgí_ô�ðòø�ðòô�í�ô�ð�öhó\�qù���÷Tõnù�Ë���÷xó\��õnó�ð���ö�ñð�ö ósì�í�ô�í�ö�ñ�ðòóWûÎ���Qósì�ívë�õ�ósí�î�õ�ö�ô ê�ð"�	ósì�ívë�õ�ósí�îjð�ñqö+��ójýgí°î���í°÷°ósùOû ý+��î�íTþ�ø�í�î%û|ñ��"õ�ùòù�ð��Ëý+��î�ðòósðòí�ñê�í$��üb��ø
ðòî���ñ�í�ñsþ^�c�Ó�=��ù���÷�ì+� ë�ñ�É�ðgç�2�± è õ�ö�ôÍ�Lðòö�ñ�ó�í�ðòö~ç�2�Å è ô�í°ø�í�ù���ýgí°ô õtósì�í-��î�ûÛú�õ�ñ�í�ô:��ý¤��öÛó�ì�íñ�ósõnósðòñ�ó�ð�÷Tõnù�õ�ö�õ�ùOû�ñ�ð�ñS���jósì�í'î�õ�ö�ô+��� �_��ó�ð���ö ���qósì�í ë�õnósí°î_�=��ùòí�÷���ù�í�ñ�ðòö õCñ��"õ�ùòù�ø���ù��+�Ëí#���ë�õnósí°î�ÿ�ë�ì�ðò÷�ì@÷Tõ���ñ�í�ñfù���÷Tõ�ù�Ë���÷xó\��õ�ósð���ö�ñfðòöCó�ì�í}ô�í°ö�ñ�ðOóWûÛõnö�ô@ì�í°ö�÷�í}ðòö3ó�ì�í"î�í-��îsõn÷°ósðOø�í®ð�ö�ô�í5]��

. î�ð"��îró\�Þósì�í°ð�îró�ì�í���î%û�ÿf�jõTû�ù�í°ð�ü�ì ì�õ�ô ô�íxø�í�ù"��ýbí�ôÜõCñ�í�ý�õ�î�õnósí'ósì�í���î%û~ç�2�Ã���2�¿ è �a��î�ñ�÷Tõ�ó�ósí°î�ðòö�ü
��î���� ñ��®õ�ù�ù
ñ�ý�ì�í�î�ðò÷Tõ�ù�ý�õnî�ósðò÷�ùòí�ñ���
�ì�í�ô�í�î�ðòø�í�ô}õnö�ü���ù�õ�îFô�ð�ñ%ósî�ð�ú+��ó�ð���öà����ó�ì�í�ñ�÷Tõ�ó�ósí°î�í°ô"îsõnô�ð õnó�ð���öõ�ñ�ëZí�ù�ù
õnñ�ó�ì�í�ë�õTø�í�ù�í°ö�ü�ó�ì|ô�í°ýgí°ö�ô�í�ö�÷�ífðòñ�ósì�ívñ�õ��®í��a��î�ú���ó�ì ó�ì�í���î�ð�í°ñ��� ö�ósì�íº�Fðòö�ñ�ó�í�ð�ö3���Ó�=��ù���÷�ì+� ë�ñ�É�ðQósì�í���î%û�ÿ�ó�ì�í�ñ�÷�õnó�ó�í�î�í°ôÞö3�b�rúgí°î����_ý�ì+�nó\��ö�ñ�õ�ñvõ_�a��ö�÷xósð"��ö
����ósì�í�õ�ö�ü�ù�í�î�í�ù õ�ósðòø�í�ó\��ósì�í�ðòö�÷�ðòô�í�öhó�ô�ðòî�í°÷°ósð"��ö õ�ö�ô'ósì�ívô�ðòñ�ósõ�ö�÷�í��rðòñ�ü�ðòø�í�ö úhû�ç�2�Å è
� ê���þ���� ���2���� � �	"!�$#&%(' !*) �,+"- � �/.�0. - # �21 %43 4�5 ÷-��ñ � �76 ê�2Ó�{2�þ

ë�ðòó�ì ó�ì�í�ønõ�î�ð�õ�ú�ù�í°ñ�á��� � ö*�+�rúbí�î�����ð�ö�÷°ð�ô�í°ö�ó�ý�ì+��ó\��ö�ñ	 � � ÷°í�öhósî�õ�ù�ë�õTø�í°ù�í°ö�ü�ósì/����ðòö�÷�ðòô�í�öhó�îsõnô�ð õnó�ð���ö! � ef��ùòó\d-�"õnö�ö~÷���ö�ñ�ó�õnö�ó) � � ó�í��Ëýgí°îsõnó���î�í+ � ðòñ���ó�ì�í�î��"õ�ù�÷����Ëý�î�í°ñ�ñ�ð�ú�ðòù�ðòóWû- � ô�í°ö�ñ�ðOóWû0 � ô�ðòí�ùòí�÷°ó�î�ðò÷�÷���ö�ñ�ó�õnö�ó �

�ì�í�õnú�� ø�í�í5]�ý�î�í�ñ�ñ�ð"��ö}ð�ñFî�í��Ëð�ö�ðòñ�÷°í�öhó����gó�ì�í��a��î�� ü�ðòø�í°ö®úhû�ó�ì�í��jõTû�ù�í°ð�ü�ì�ósì�í���î%û�ÿ�û
ðòí�ùòô�ð�ö�ü
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� ê���þ�� � ���2���� � �	"!� # % ' êaÞ � þ �98$:�;;;; # �=< 4# �>5Ï2 ;;;; � 1 % 3 4�5 ÷���ñ � � 6 � ê�2Ó�yÌ�þ
ë�ì�í°î�í 8 ð�ñ
ósì�í�îsõnô�ð���ñ�����ó�ì�í�ñ�÷Tõnó�ósí°î�ð�ö�ü�÷�í°öhósî�í�õ�ö�ô # ðòñ�ó�ì�í�÷-���®ý�ù�í^]�î�í�ù�õnósðOø�í_î�í-��î�õ�÷°ó�ðòø�í�ð�ö�ô�í^]úbí°óWëZí�í�ö�ó�ì�í �Ëí�ô�ð"�+�Hõ�ö�ôfó�ì�í�ñ�÷Tõnó�ósí°î�ð�ö�ü�÷�í°ö�ó�î�í$����)�ñ-��2Ó�y2jõnö�ôS2Ó��Ì�ú¤��ósì�û
ðòí�ùòô�ósì�í�ë�í°ù�ù�� É�ö+� ë�öî�í°ñ���ùOó�ósì�õ�ó�ósì�í ð�öhó�í�ö�ñ�ðòóWûE���_ùòð�ü�ìhó�ñ�÷Tõnó�ósí�î�í�ôCúhûÞõ~ñ�÷Tõ�ó�ósí°î�ðòö�ü'÷�í�öhó�î�íËñ��®õ�ù�ù	÷����Ëý�õ�î�í�ô)ó\�}ó�ì�íë�õ ø�í�ùòí�ö�ü�ó�ì[���_ósì�í�ð�ö�÷°ð�ô�í°ö�óvùòð�ü�ìhó�ðòñ�ý�î���ý���î�ósð"��ö�õ�ù�ó\�Z4?�@	 ! ÿ~��ö�ô�í�î�ósì�í®õnñ�ñ��b�®ý�ó�ð���ö�ó�ì�õnó�ó�ì�íósí°î�� ðòöCñ�)*��õ�î�í5�Wú�î�õ�÷lÉ�íxósñrðòö3ú¤��ó�ì3í-)3��õnósð"��ö�ñvð�ñvð�ö�ô�í�ýbí�ö�ô�í�öhóà�$��ë�õ ø�í�ùòí�ö�ü�ó�ìp� � öCósì�í ÷�õ�ñ�í=���ñ�÷�õnó�ó�í�î�ð�ö�üËð�ö~ë�õnósí°î�ÿ�ósì�ívë�õTø�í°ù�í�ö�ü�ósìtô�í�ýbí�ö�ô�í�ö�÷°íà����ósì�ðòñ�ósí°î��Iðòñ�ì+� ë�íxø�í�îjö+��óqö�í°ü�ù�ðòü�ð�ú�ùòí��� ö�ósì�í�÷�õ�ñ�íS���_ô�í°ö�ñ�ðOóWû¾Ë���÷xó\��õ�ósð���ö�ñ�ÿoønõ�î�ð�����ñ�í��Ëý�ð�î�ð�÷Tõnù��=��ô�í�ùòñjëZí�î�í ý�î���ý¤��ñ�í°ôÞó��~î�í°ù õnó�íósì�írô�ð�í°ù�í°÷°ósî�ð�÷�÷���ö�ñ%ó�õ�öhó�ó��}ósì�ífô�í�ö�ñ�ðòóWû/���Fósì�írù�ð")3��ð�ôp��	��=��ö�ü�ñ%ó�ósì�í�ñ�í õnî�íà�a��îjí^]�õ��Ëý�ù�í�ósì�õ�ó
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ÍµÐ Ù¾Ä ¿óÍµÐ P3Ù · Ö ¾ ½ Ë�¼ÏÍµÍKÁ ·_Ë�¼G½�ÊKÁ�¾
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Original distribution of events
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W/X"XZY�[�\N] ^�_a`([cb"^/dJWc[�ea^�fA\ag$]�hai%](i F _Ji/`([+](ea`�i/^�](X$ja`�XZ_H](X$Y�ik^�^�](h�[�\�lZm < ½7n ª Xo^�f�gZ\af N Wc[�\T]�p�[�`�fq[ �
](fAXZ\1r&[�^.X�sa^�ik`�pZikjSsJik]4r�i/i/\ F i/[�^�ea`�i F i/\N](^t]([ � ik\S[�]tu�`�i/i � f�\ag$[�\vj�`�XwX F ](i F _Ji/`�[�](ea`�i/^ n

���4x´�4y ç¬�{z}|�~ ���
��� ���Ø�{�����&�����Q�{�w|���� ��� ì �;|1�6�}���Qz
ï r�X�u8[�Wk]�XZ`�^ [�`�i�`�ik^�_JXZ\a^�fAsaY�i%u�XZ`�](hai�^�_a`�ic[�j�fA\H]�hai�[�`�`�f=p�[�Y�](f F i/^�X�u3](hai�_ahaX�]�XZ\a^/�&]�hai N \afA]�i
r�f�jw](h�X�uQ]�hai�Y�fAgZhN]I^�XZea`�Wki�[�\aj�]�haiSXZ_v]�f�W/[�Y _v`�XZ_Ji/`{](f�ik^�X�uQ]�hai F i/jafAe F n û hai/\�](`{b"f�\agF]�X
F ic[�^�ea`�iD](hvioY�[�]�]�i/`/d�f=]Qf�^%f F _JXZ`�]([�\N]P](XH[�WkW/XZev\T]%u�XZ`Q]�haiDu�XZ` F i/` n ï XHjaf�^�i/\N]*[�\agZY�i�]�hai/^�i$]4r�X
i   i/W�](^kd?]�hai�^�[ F i�^�ik]�ea_�[�^0](hai�XZ\ai�ea^�i/j�fA\�]�hai�f F{F i/`�^�fAXZ\a^�r�[�^�^{](eajafAi/j�f�\�[�f�`1fA\�]�hai
Yq[�s�XZ`�[�](X�`�b�f�\�[�j�[�` � `�XwX F n�� ikp�i/`�[�Y&u8[�Wk]�XZ`�^ F [�jvi�](hafA^D[SW*h�[�YAY�i/\vgZi��$](hai1^�XZea`�Wki � jaik]�i/Wk]�XZ`
jafA^�]*[�\aW/i�ha[�jF](X�s�io`�XZevgZhaYAb�]�haiI^�[ F iI[�^�]�haiIjvf�^�]([�\aWki/^D[�]�r�haf�W*h�](hai�ja[�]*[0r�ik`�i1[�W J eaf�`�i/j
jaea`�f�\agQ]�hai�f FKF ik`�^�fAXZ\a^ n ï hafA^ r&[�^<]�X%i/\a^�ea`�i�](h�[+]cdZr�fA]�hD](hai B¢¡ED fA\T]�i/\a^�fA]�f�i/^£ev^�i/jojaea`�f�\agP]�hai
f FKF i/`�^�f�XZ\v^/d6]�haiM_a`�XZsa[�saf�YAfA]4b�X�u F eaYA]�f�_aYAi;_ahvX�](XZ\v^�[�`�`�f=p"f�\ag0[�]Q]�haiMjaik]�i/W�](XZ`%^�f F eaY=]*[�\aikXZea^�YAb
r�[�^�\aikgZY�fAgZf�saYAi�¤�]�X F f�\af F f � i�](hvi�f F _�[�W�]$X�uP](hviS^�fA\agZY�i � haf=]M\�[�]�ea`�i�X�uP](hvi ïLD < ea_JXZ\¥]�hai
^�_Ji/W�](`�[N¦ n¨§ ]1]�hai�^([ F iS]�f F i�dt](hai�[ F XZev\T]�X�u?^�Wc[+]�](ik`�ikj�YAf�gZhN] F ea^�]0sJi F fA\af F [�Y�[�^1X�\aYAb
jafA`�i/W�]D_ahaX�](XZ\a^ F ea^�]�s�i�`�i/WkXZ`�jaikj�f�\©XZ`�jai/`�](XSXZsv^�i/`{pZi1](hviI](f F iMr�f�jv]�hª_aea`�i/YAb�jaeaio](X�]�hai
i�«w_Ji/`�f F i/\N]*[�Y�^�ik]�ea_ n
¬{­O®°¯²±�³�´kµ T·¶�Z�¸ ± ¸�¸{¹�Zcºt» ® ¸ ³{´ ¹+¶°¸{¹ ±E¼ » ¯½´ ¹ ´�¾w¾À¿E´k± » ´ ¹ » ® ¸ ±Áµ°¿Á¾=¼�³ ¸ ´�¾ » ® ¸ ­ X�YÃÂ
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 0.78125 ns]×bin [
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Chi2 / ndf = 424.9 / 399

  0.01±
�

p0 = 0.55 
  1.30e-05±p1 = -0.18e-05 

Ratio of white-noise spectra
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> i/W/[�ea^�iP]�haiQ^�ha[�_�iQX�uÌ]�haiP^�_�ikWk](`�[DW/XZeaYAj1s�i%[   ikWk](ikj0sTbI^�W/[�]�]�i/`�fA\agDf�\o](haiQ^�XZea`�WkiQ^�_ahvi/`�i�d
fA]�r&[�^�f F _JXZ`�]([�\N]�]�XMea^�iP]�haiQW/X F _aYAik](i BÌ¡ED ^�_ahvi/`�i?[�]t[�_a_a`�X7«wf F [�]�i/Y=b$]�haiQ^([ F iQjafA^�]([�\aW/i%[�^
jaea`�f�\ag.](haiVf FKF i/`�^�f�XZ\v^ n ï hai BÌ¡ED [�\aj�ÍVÎ ï ^�_ahai/`�i/^3r�i/`�i�]�hai/`�iku�XZ`�i�^�fA](ea[�](ikj�[�_a_v`�Xc«wf F [�](ikYAb
Æ�Ï F [�_�[�`{]t[�]&ic[�W*h0i/\vj1X�uÃ[�W/XZ`�`�f�jvXZ`/dT](hai F [+«wf F e F Y�ik\ag�](ho](h�[�]&W/XZeaYAj�sJiQj�[�` � i/\aikj0f�\I]�hai
Yq[�s�XZ`�[�](X�`�bZdZb"fAi/Y�jvf�\ag%[%jaik]�i/W�](f�X�\o_a`�XZs�[�svf�Y�f=]4b�X�u F XZ`�it](ha[�\oX�\ai _vhaX�](X�\I[�`�`�f=pwfA\ag%[�]<](hvi
ÍVÎ ï
^�f F eaY=]*[�\aikXZea^�YAb�X�u �DÐSÁ n

ï X?i/YAf F f�\�[�]�i&[�\NbD^{](`�[7bMYAf�gZhN]/dT[�sa^�X�`�sJi/\N] F [�]�i/`�fq[�Y"r&[�^V_aY�[�W/ikjofA\$^�eaW*h1[Qr&[cb$[�^£]�X?`�i/jaevW/i
](X�[ F fA\af F e F _JXZ^�^�f�saYAit](hai�jai�](i/W�](fAXZ\IX�uO[�\NbMf�\ajvf�`�ikWk]<_ahvX�](XZ\v^P¤8Ñ3f�gZev`�i Ï n Ð Æ ¦ n3Ò \�[�jajafA]�f�XZ\�]�X
](hvi F [�]�i/`�f�[�YJ^�haX7r�\Od�](hvi?Wki/fAY�f�\vgD[�\aj � X"XZ`�r�i/`�i;[�YA^�XDWkX°p�i/`�i/j�r�f=](hH[�sa^�XZ`�sJi/\N] F [�](ik`�fq[�Y�^&[�\aj
[;r�XwX"jai/\1_a[�\ai/YJr�fA]�h0[;haXZYAi
X�u¢](hviP^([ F i
jvfq[ F ik]�i/`&[�^�](hai � ÎH^&r&[�^�_aYq[�Wki/j1fA\Iu�`�XZ\N]tX�u¢s�X�]�h
^�_vhai/`�i/^ n ï haiM^�ea`�u8[�WkiMX�u�]�haiD_�[�\vi/Y r�[�^%`�XZeag�hai/\aikjF[�\aj�W/X7pZik`�i/j�f�\�saY�[�W � [�sa^�XZ`�s�ik\N]�_a[�f�\N] n
ï XHW*hvi/W � ](ha[�]%\aX0^�W/[�]�]�i/`�ikj�YAf�gZhN]
`�ic[�W*hai/j�](haiMÍVÎ ï d¢[ F ic[�^�ea`�i F ik\T]Qr�[�^%_Ji/`�u�X�` F i/jSr�fA]�h
XZ\aY=b�]�haiM^�ea`{u8[�W/io[�`�i/[1XZ\�]�hai � ÎÓfA\�u�`�XZ\N]?X�uV](hai$ÍVÎ ï WkX7pZi/`�i/j©ev_ n û fA](h�]�haiM`�i F [�fA\ajai/`
X�u£]�hai � ÎÔea\vW/X7pZik`�i/j6dOXZ\aY=b0_ahaX�]�XZ\a^
]�h�[�] h�[�jS^�Wc[�]�](i/`�i/jSr�i/`�iD[�saYAi?]�XI`�i/[�W*hS](hvi�ÍVÎ ï n ª X
_ahaX�](XZ\�r�[�^&jai�](ikWk](ikjOd�^�hvX°r�fA\ag;]�h�[�]&]�hai
WkXZ\ N gZev`([�]�f�XZ\�ev^�i/j0fA\o](hvi F i/[�^�ev`�i F i/\N]�^&X�u�](hviQ[�f�`
^�_Ji/W�](`�[oXZ\aY=b F ic[�^�ea`�ikj�jvf�`�ikWk]�_ahvX�](XZ\v^ n

ï hai%j�[�` ��� W/ea`�`�i/\N].\aXZfA^�iP`�[�](iQX�uÃ]�hai Ï l F{F ÍVÎ ï X�uÃ]4b"_Ji�Õ Ð ÆZÅ �w§ ea^�ikj�fA\0]�hai F ic[�^�ea`�i �
F i/\N](^Qr�fA]�h ï ik^�] Ï�Ö f�^ ]4bw_vf�Wc[�Y�YAb �DÐ lZl �,� n ï haf�^QWkXZ\N](`�f�saev]�f�XZ\Sr�[�^ F XZ^�]�YAb�`�i F X7pZikj�sNbS]�hai
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Raw data: UV (374.5 nm)
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Raw data: Blue (472.6 nm)
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CEDFAHGJILKM ¥S�   � Çc¡ � � � ¢OÇ �  �¤ § �6�~�S�S�w� § È �6¥Y�f�S�~��� Í ��� �±� �R��¥S� Çc¡¦¢ ¥4�   � ¤S��Í � ¡c XÊ � �"È@ �£G�VÇcÇ�NPORQ ÄTSVU�W*ÆX¡ ��6¥Y�X� ¼ ¨ � �"¡c£ �w�4� �VÇP  ��� ¤ ¨ N �S�  �Íw�"¡ § �w� ¡ �YXz� Í � ¡ �O� ú ªyÁVÆ<� �Y�{�O� Ç�ÈT�±Ê � �"ÈÑ �£G�VÇcÇ Ë ���VÍ � ¡ �O�T�VË ¨ ¥S�V�6�V�  � £:¡ �"�6�~� § È ��¥S� Çc¡c¢ ¥��   � ¤S�"Í � �V� � � � ¢O¡¦  �6� � �~� § È �6¥Y� �Y�~�6� Í ��� �wª �©� ¡c� � Í �  "¡c£{¤YÇL� � ¡ �O���pË[��¥S�� ¼ ¨ � �"¡c£ �w�4� �VÇ�  �~� ¤ ¨ ¡c  �6¥Y� � ��Ëõ� � � Ê � �"È ¡ �Y�'Z Íw¡ �w�4� � �S����¥S� Çc�V��¢ �   � � � ¡c  � ¡cÍ~ J� � ¿�¤S¡¦� �~� N Ëõ� � � �VÍ ¥¨ � ¡ �4� ¡ �{��¥S� ¨ �V���V£ �~�6� �e  ¨ �pÍ �#[ Æ Ëõ� � �6¥S� � � �VÇ¦ÈP �¡¦  �VËÀ�6¥S�J� � � � ¨ � � ÍwÇ¦¤ �S�~�:��¥S�J� ¡c� � Í �  "¡c£{¤YÇL� � ¡ �O��VË,��¥S� ¢ �~� £ ��� �5È �pË,�6¥S�@� ¼ ¨ � ��¡c£ �w�4� ª �  3�Î� �  "¤SÇ � Ãe� � �VÇ �6� � � � � ¡¦Ê � � ¨S¨ � � �VÍ ¥�É �V {� � ¿�¤S¡¦� �w� ª� £ �z�Y� Ç É �V  �S� Ê � Ç � ¨ �~�¾ÉJ¥ ¡cÍ ¥ £G�g¼z¡c£:¡]\ �   ��¥S�@�S���6� Í � ¡ �O���^Z Í~¡ �~� Í~È ¡ � ��¥S�  �¡¦£{¤SÇc� � ¡ �O� ª �
ÊP¡c� � ¤j�VÇ �S�~��� Í ��� �±  ¨ ¥S� � � N`_�a X ÆXÍ � Ê � ��¡ � ¢ ��¥S�f�6�V� �VÇ   � Çc¡ � � � ¢OÇ �MÉ �V  �S� » �S�~� ªM ¥S�   ¨ ¥S� ��¡¦Í%�VÇa 5ÈP£G£ �~� �"È �pË_��¥S� Çc¡¦¢ ¥4�   � ¤S��Í � ¡¦ M �¤YÍ ¥��6¥ � �MËõ� � � �VÍ ¥ ¨ ¥S�V�6�V� ��� Ã � £:¡ �"�6�~�Ë � � £ �6¥Y� Ç¦¡c¢ ¥4�   � ¤S�"Í � � � � � � � ¢OÇ �3¸@É ¡ ��¥ � �   ¨ � Í �T�6���6¥Y�:� ¡c� � Í � ¡ �O�Î������¥S�h�S�~��� Í �6� �~Ã ÉJ¥ ¡cÍ ¥� Ê �w�4� ¤S�VÇcÇ�È  �Í%� ���6� �� Ñ¡ �4�6���6¥Y�G�S���6� Í �6� �wÃ ��¥S� � � ¡¦ T� ��� ¿�¤S¡¦Êp�VÇ �w�4� ¨ ¥S�V���O� �V� Ã � £:¡ �"�6�~�Ó���-É �V� �  �6¥Y�:�Y�~�6� Í ��� �wÃ ÉJ¥ ¡¦Í ¥ Í~� �  "  �  T� � � � ¢OÇ �cbE¸@�6¥Y� Êz¡¦� � ¤j�VÇ �S���6� Í �6� �T  ¨ ¥S� � � Í �~��� � �~� �O���6¥Y� Çc¡c¢ ¥��
  � ¤S��Í � � �S� ¨ �p � �¡ � ¢ �6¥ � � ¤S¢ ¥ �6¥S�l�S�~��� Í ��� �!NöÕv¡c¢O¤Y� ��Ö ªyÁOÆ1ª M ¥S� � ��Ëõ� � � Ã ��¥S� � � ¡c q� �O�S� Ô ��� Ô �O�Y�
Í � ��� �   ¨ �O�S�S�~� Í � § �~�(É!�w�w���6¥S�   �~� ¤ ¨ ¤Y �¡ � ¢�� � ¡c  �p� � � ¨ ¡cÍ@Ç¦¡c¢ ¥4�   � ¤S�"Í � � �S� � ¨ � ¡ �4�3�Y�~�6� Í ��� �
� �S� �{ "¡c£{¤SÇc� � ¡ �O� ¤Y �¡ � ¢h�h¤ � ¡ � ¡¦� � Í � ¡ �O� �VÇWÇc¡¦¢ ¥4�   � ¤S��Í � � �S� � �S���6� Í �6� �J  ¨ ¥S� � � Í �w�4� � �w� �O�@��¥S�
Çc¡¦¢ ¥4�   � ¤Y��Í � ª M ¥S�hËõ� �"£ � �f¡c  § È Ë �V� �6¥S� Í ¥S� � ¨ � � � ¼ ¨ � �"¡c£ �w�4� Ã ��¥S� Çc� ����� � ��¥S� £ � � �3�'Z Íw¡ �w�4�d�e-æ~ï�è�Ý�ä ëqòöè5ávæ^fÌç-Ý1áµÝJæ^fWáµë-è!è * ñpè"ïãâàåRè5Üwá"éPÝ[ç-Ý*á Ý±ôpÝ�òãè!æ^fHÝ1ñ-ñgïãæ * âàåRÝ1áãè"Þìßhg ('ikj g (^l îÌÝ1áãè5ïvåRæ0ç0è5Þyòvîrâíáµëç0ânmVè"ïãè"Üwá�ñgÝ1ï Ý1åRè7áµè5ïrä7æ~å_ô-âàÜgÝ1áãâàæ�Ügò Ü-è"è"ç-òÌáµæ,ôpèeó~è5Ü-è"ïµÝ1áãè�ç ø
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 �¡¦£{¤SÇc� � ¡ �O� ª M ¥ ¡¦ G¡ � Íw� � �V  �   �6¥S�   � � � ¡¦  � ¡¦Íw  �VË[�6¥S�  �¡¦£{¤SÇc� � ¡ �O�   § È�� Ë �VÍ ��� � �po
q OMÃ_Èz¡ � Ç � ¡ � ¢� È ¨ ¡cÍw�VÇcÇ�È § �~�(É!�w�~� Q �sr ÄTSpt±� �S� Q �sr ÄTSuW8N �S� ¨ �~�S� ¡ � ¢G¤ ¨ �O����¥S�   � ¤S�"Í � Ô �S���6� Í �6� � � ¡¦  � � � Í � Æ
£ � � �   � � � ¡c  � ¡cÍ~  �6¥ � ���6¥Y�T� ¡c� � Í �  "¡c£{¤SÇc� � ¡ �O� ª9;:=<;:=< vsIxw*y{z}|?~��
½��VÍ ¥3�VË �[ÇL�V�"¢ �!� ¤S£ § � � �VË ¨ ¥S�V�6�V�   É �V  ¨ � � ¨ �V¢4� �6�w� ¡ �S� ¡¦ÊP¡ � ¤S�VÇcÇ�Èf�VÍ~Í � � � ¡ � ¢ �6�E��¥S� �pÇc¢ � �"¡ ��¥ £�S�  �Íw�"¡ § �w� § � Ç �0É Nö� �S�  �¤S£:£G�V��¡�\ �w� ¡ � Õv¡c¢O¤Y� �TÖ ª�Ä-Æ�ª���
�����#�P�k���)�
�x�T�������h�������V�`�V�
�x���M ¥S�   ¨ �~�w���VË ¨ � � ¨ �V¢4� � ¡ �O�G�VËr�6¥Y� ¨ ¥S�V���O�  8Nö� �S��¥S�~� Í �M��¥S� �V�"��¡¦Êp�VÇ � ¡¦£ � £ � �V "¤S� �~�@É ¡ �6¥ M �   �ú  Æ �S� ¨ �w�S�  �¤ ¨ �V� ��¥S� ¡¦� É �%Ê � Ç �w� ¢ �6¥ ª M ¥S� » � ¡ �6�   ¨ � Í � ���VÇ É ¡ �Y�6¥ �VËf��¥S�   � ¤Y��Í �Î��¥S� � �~Ëõ� � �
Í%�p¤S  �   ¨ ¥S�V���O�   �6�Ó� �6�%Ê � Ç[� �l� ¡ ÐH� � �~�4� ¢O� � ¤ ¨ Ê � Ç � Í~¡ � ¡ �   ��¥ � � ¤Y¢ ¥ ��¥S� É � ��� �@� �S� Í~� � � �6�  l�
  ¨ � � � � ¡ �@��¥S� �V���"¡¦Êp�VÇ � ¡c£ �   �pË���¥S� ¨ ¥S�V���O�  wª_Õ � � � Ê � �5È ¨ ¥S�V���O� Ã ��¥S�fÉ �%Ê � Ç �~� ¢ ��¥ ¡c  ��¥S� � �~Ëõ� � �
�6� �S�S� £:Ç¦ÈÓÍ ¥S�   �w�ºË � � £ ��¥S� £ � �V "¤S� �~��É �%Ê � Ç �~� ¢ ��¥�� ¡c  � ��¡ § ¤ � ¡ �O� �pË,�6¥S�   � ¤S�"Í � NãÕ�¡c¢O¤S� � ú ª Ö Ã¨ ª �4ú ÆM� �S�Ó��¥S� ¢O� � ¤ ¨ Ê � Ç � Í~¡ � È �VË!�6¥ � � ¨ ¥S�V���O� ¡¦  �S�~��� ��£:¡ �Y�w� Ë � � £�½�¿Àª�ÁzªàÁzÄ�N ¨ ª ú�� ÆE¤S �¡ � ¢
½e¿Àª�ÁzªàÁ ú N ¨ ª ú Ö Æ �6� Íw�VÇcÍ~¤SÇL� ���:��¥S� � � ¿�¤S¡c� �w� � ��Ë �6�VÍ � ¡�Ê � ¡ �S�S� ¼Hª Õv¡¦¢O¤S� ��Ö ª ú   ¥Y�-É   ��¥S�@�~ÐH� Í ��VË!�6¥S�   ¨ � Í � �6�pÇ!  ¨ � � � � �O� �6¥Y� �V�"��¡�ÊV�pÇ � ¡¦£ �h� ¡¦  � �"¡ § ¤ � ¡ �V���VËR� ¡¦� � Í � ¨ ¥S�V���O�  cNö¡ãª � ª �6¥ � �T¥ �%Ê ��S�V�  "Í%� �"�6� � �w� Æ1ª M ¥Y�   ¨ � � � � ¡¦ ,� � Çc� � ¡�Ê � Ç¦È@Çc�V��¢ � NãÕ4� % ��� Ä �  6Æ�Ã É ¡ ��¥���¥S�T� �V�"Çc¡ �   � ¨ ¥S�V�6�V�  
�V�"��¡¦ÊP¡ � ¢M£ � � �X��¥ � � Á �   § �~Ëõ� � �R�6¥S� ¨ ¥Y�V�6�O�  !� �a�6¥S� Í �w�4� ���VÇ É �0Ê � Ç �w� ¢ ��¥G�pËH��¥S�   � ¤Y��Í � Nõ  ¥S�0ÉJ�
�V  �6¥Y� Ê � � � ¡cÍw�VÇrÇc¡ �S� ¡ � Õ�¡c¢O¤S� �TÖ ª ú Æ�ª� �����V�p���`��� �{¡�¢3£��������`���¤ ¡¦Ê �~���6¥S� ¢ �w� £ �~� ��¡cÍw�VÇ<Í �O�  "¡ �S� �6� � ¡ �O�   � ¡c "Íw¤S "  �~� ¡ �¥Xz� Í � ¡ �V�ÓÖ ªyÁPª¦ÄOÃÌ�VÇcÇ ¨ ¥S�V���O�  f�p� �3� £:¡ �"�6�~�Ë � � £ �6¥S�   � ¤S��Í � ¡ �4�6� �3¤ � ¡¦¿P¤ � ¨ � �w�Y� » �S�~�Î� ¡¦� � Í � ¡ �O� ª¦¨§k�����u�x�E���J�©�L£ª���T�«�¬�Y¡­�{��¢®�x�¬� ���k�x�T���¯ � Í%�V¤S  �@�6¥S�l� ¨ � ¡¦Í%�VÇ ¨ � � ¨ � � � ¡ �   �VËR��¥S�lÉ � �6� �3�V� �G�S�~��� �"£G¡ �S�w� � � �� "¡ � ¢OÇ �GÉ �%Ê � Ç �w� ¢ �6¥ Ã ��¥S�
¡ � ¨ ¤ � ¨ �V���V£ ���6� ��  Ëõ� � �6¥Y�[� ¨ � ¡cÍw�VÇ ¨ � � ¨ � � � ¡ �  !�p� � �VÇ É �%ÈP _Í ¥Y�   �~�l�6� Í � ��� �   ¨ �O�S�:�6�>�6¥S� Í �~�4� �6�pÇÉ �0Ê � Ç �w� ¢ ��¥ ­À° �VË[�6¥S�±° ½²a   � ¤S�"Í � ª Õ � � ¨ ¥S�V���O�   Ë � � £ ��¥S�   ¨ � Í � �6�VÇ � ¡¦  � �"¡ § ¤ � ¡ �V�¾É ¡ �6¥ �É �0Ê � Ç �w� ¢ ��¥��V��¥S� � ��¥ � ��­W° Ã �6¥S�   � ÊV�pÇc¤ �  ±Íw� � § �f� ¡ ÐÌ� � �~��� ªM ¥S� Êp�V�"¡L� � ¡ �O�ÑÉ ¡ �6¥hÉ �0Ê � Ç �w� ¢ ��¥@�VËW�6¥S� � §   � � ¨ � ¡ �V� Ç �w� ¢ �6¥ � �S�:�VËH��¥S�  �Í%� ���6� ��¡ � ¢ÑÇ �w� ¢ �6¥h�VË°<Ø  J¡c  �Y�V�,ÉX� ÇcÇHÒ �Y�-ÉJ� Ã § ¤ � ¡c R�V � "¤S£ �~���6� § �f�S� ¢OÇ¦¡c¢O¡ § Ç �J� Ê � � �6¥S�EÉ �%Ê � Ç �w� ¢ �6¥   ¨ � � � ���VË���¥S�
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tYs7t<knvcõ ß ÒÜxn~<m , vF~=q } � knv|q<vcq<k2u(«/vFq�j�vF~=vAq=kns�jl{:ÍHmp{³ì"vFo.tYmVs({³å } ö } § Î�t<s 2 v , v|~=�	~=vF«n~=s"x . oFm 2 yVv }
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� knv@y ui~<¤zv|q=tGx&m��¬vF~<v|{noFv»mp{5q<knu(«¬v�s"o|o . ~=q�jlknvF{:t<knv@xnm��·v|~<vF{&oFv»mV{ªxnmVq�t)u({no|v»uitAjlknmVo)k5t<knvx2uitYu�u({&x�tYknv�u(mp~�q=«¬v|o|tY~ . w j v|~<v�tYu(°(v|{@mVqÈq . o)k@tYk2uit�mptÈq=knmp­�t<q�tYk&v�q=«¬v|o|tY~ . w 2 �?v>²nuio|tYy9�?k2u(yp­Eu
2 mp{ } � sIq=mVw . yVuitYv�tYknmpq�v*�¬vFo|t © u7y u(~=¤zv�qYuiw0«nypv�s(­�v , vF{�tYqlj�uiq�x&~Yu�jl{µ­,~=szwët<knvcu(«n«n~=sz«n~=m uit<v¥u(mV~
q<«/vFo.tY~ . w u({nx+uIq<k&mp­�t�s(­�k2u(yp­¯u 2 mV{	j�u(q�u(xnx&vFx 2 v|­,s(~<v 2 mV{&{nmV{n¤7t<knvAv , v|{±t }lé mV¤ . ~<v�¦ } g q<kns�jlqtYk&v�s(~<mV¤(mV{2u(y¬Í,q<szypmVx7yVmp{nv�ÎÚu({nx7tYk&v�q=knmp­�t<vFx³ÍHx&s(t<t<vFxIyVmp{nv�Î�o�u(ypm 2 ~<uitYmpsz{At<mVw?v�q<«/vFo.tY~ . w mV{?u(mp~ } � knv
Ø ùEúÅû=þ;û¯ýG�Ù�ÛÚ��Åý��;û&!Åþ��������Åý

ÿý��J0Ü�;ú����Ù�;úÅûI��!(û��7��þ���� ýG�Ù�HúÅý����;û<üF�"0,����ý�����û�-.þ$��
��"���	�iû=þÙ���/�Åý
����A
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i�jlkOm�n�oSprqtÝru;Þ U�[ ]�aY] T ^ f�P&T ] f�}�N|{ ] QSU���{8N�T�f�w a z ] U�PrM(U a M(NÈMGT ^2] z.U ßÜzlT�f�w a z ]�Â�y8] N ] z.N�f a
y UVT.N�M(PEz ] Y;T�f�QSU y QSU�P ] [(K Þ { ] TFM([ ] N;U�[ ] aY] T ^ f�P&T ] U�P�M(U a M(NÚM y U à ].a)] P2N/T�f�w a z ]�Â�y8] N ] z.N�f a
y UVT.N�M(PEz ] T�w(z#{	N|{&M(NÈNJ{ ] T ^2] z.N a w"[ UVT¥T#{8U }>N ]>y `FRx{&M(Q }cM»`FU�PÅY y f�NHN ]>y QSU�P ] [(K

xnm��·v|~<vF{&oFv�mp{£q=k2u(«/v�mVq�oFypv�u(~=yp�»v , mVxnv|{±t } � k&v�mVw?«2u(o.t�s(­¯tYk&mVq 2 mV{&{nmV{n¤?v*�¬vFo.t . «/sz{³t<knv�s(«&tYmpo�u(y«2u(~<u(w?v|tYv|~<q�ÍHm } v } jlknvF{@t<knv�q=knmp­�t<vFx»u(mp~�q=«¬v|o|t<~ . w mVq . q<v|x	u(q�ui{@mV{n« . t�t<sAt<knv�Ê+Ë q=mVw . yVuitYmpsz{nq
mV{&q=tYvFu(x»s(­�t<knv�sz~=mV¤zmp{2u(y®u(mp~�q=«¬v|o|tY~ . w�Î�mVqÈtYknv|{	u({2u(y9�"q=vFx 2 �0oFszw?«2u(~=mV{n¤�u7ÑcÒ�¤(vF{nv|~Yuit<vFx@jlmpt<k
tYk&vlu(mV~¯q=«¬v|o|t<~ . wÔq<kns�jl{0u(q�u�xns(t=tYvFxIypmV{nv�mV{ é mp¤ . ~<v ¦ } g jlmptYk7t<knv�sz~<mp¤zmV{nu(y"Ê � Ò�q } � k&v�~<vFq . ypt<qu(~=vcq=kns�jl{£mp{ � u 2 ypv�¦ } h }

© q�v>²"«¬v|o|tYv|x © tYk&v y ui~<¤zv|q=tÚmVw?«2u(o.t�mpq . «¬sz{ �(µ)³ u({nx � oFs(q(�5� µ)³ jlknmVo)k 2 s(t<k�xnv|«¬v|{nxGo|~ . o|m u(ypyp�
. «/sz{	tYknv¥q=k2u(«/vcsi­�t<knv�«¬vFu(°rÍ,q<vFv é mp¤ . ~<v ö } Õ © « } ´5´(Î } � knv�mVw?«2u(o.t�mVq�yVu(~<¤(vF~�uit § h w tYk2ui{³u�thzh w 2 v|o�u . q<v�s(­·t<knv�mp{noF~=v�u(q=vFx0q<o�u�t<tYv|~<mp{n¤�u�tÈt<knvlyVsz{&¤zvF~�xnmpq=t)ui{noFv © jlk&mVo)k�oFu . q=vFq�t<knvlq<k2ui«¬v�s(­
tYk&v�«/v�u(°»~=vF¤zmpsz{µt<s�~=vFq<v|w 2 ypvAypvFq<qltYk&v�q<knu(«¬vcs(­¯t<knvcsz~<mp¤zmV{2uiy�u(mV~�q=«¬v|o|t<~ . w u({nx³knvF{no|v�w0u(°(v|qtYk&mVq�yVuit<t<vF~�ypvFq=q¥oF~ . oFm uiy�ÍHo|szw?«2u(~<v|x+tYs�t<knv7q<k&sz~=t<vF~¥xnmpq=t)ui{noFv�Î�mV{£t<knvIu(o|o . ~<uitYv7xnv.tYv|~<w?mV{2uit<mVsz{s(­ÚtYknv¥«nu(~Yu(w?v|t<vF~=q } � knv�v*�¬vFo.tYq . «/sz{ �(± ui{nx ��²�³ j v|~<v , v|~=�	q<w0u(ypy © 2 . t�­Hu(mpyVmV{&¤AtYs 2 v¥y u(~=¤zvF~
tYknu({³knu(yp­�uIq=tYv|«³q=mlÏ|v�j�vF~=vAo|sz{nq=vF~ , uit<m , vFyp��t)u(°ivF{+uiq�q . o)k }

§ h w hzh w ­ § h w¯® hzh w oFs(w 2 mV{&vFx/°
�r± á Ø } ö á Ø } ö á Ø } ö
�(²L³ áAö áAö áAö
�rµ5³ á ×�Õ á Õ á × h

��¶*·L¸ �5� µ)³ á Ø } Ø g á Ø } Ø h á Ø } Ø ö
¹�º¼»'½�o¾prq�â(uÁÀ�] T.N ] T.NHU�[?M(N ] f�}@N|{ ] T.R�T.N ] [?M(N;U�z ].a>a f a TM} a f�[ N|{ ] w8PEz ].a N�M(U�P2NHRrU�PÌN|{ ]T#{&M ^2] f�}�N|{ ] z<M(QSUH` a M(N;U�f�P$M(U a T ^2] z.N a w"[ y w ] N_f?NJ{ ]Ãy UVT+z aY] N ] `FU�P2P2U�P��	f�}�N|{ ] T ^2] z.N a M�K



J(K LSRAM(N�MGO�P/M(QSR�T.UVT�TVUXWZY_L2WYX/K�Z0P2[X[ \E]_^ N ] [?` ].acb�d�d�dGe [7[ ].a T.U�f�P&T g Õ
§ h w hzh w ­ § h w¯® hzh wÏoFszw 2 mV{nv|x/°

�r± á2ã>ä ×ã>ä × á2ã>ä åã>ä × á2ã>ä ×ã>ä ×�(²L³ á ×× á è ã× á åÙ�rµ5³ á × è ã á ×Þ á ÞÞ��¶*·L¸ �5� µ)³ á ã>ä ã ×ã>ä ã Þ á ã>ä ã áã>ä ã Þ á ã>ä ã Þã>ä ã7æ
¹�º¼»'½�o�p(q�ç/uXÀ�] T.N ] T.N;U�[?M(N ] f�}AN|{ ] T.RÅT.N ] [?M(N;U�z ].a>a f a TÛ} a f�[ ^ f�N ] P2NHUHM(Q'è�é�RëU�P2N ] P&T.U�N;R
ê w(z.NHwnM(NHU�f�P&TFK

ë ¹=ÔÈî2¨íìFº¬Ã�Â"ºÚ¿�À�Ã>¾ïî�½�¦Úô(Ã�¦�¼&ÃÅÀ,Æ¬ºÚ¿
  v|o�u . q=vµt<knv	u({2uiyp�8q<mpq . q<v|q?t_j�s$xnm��¬vF~=vF{�tIxnmpq=t)ui{noFv|qIt<srv.²8tY~<u(o|tIt<knv»~<v|y uit<m , v�{nsz~<w0u(ypmVqYu�tYmVs({ ©
mpt0mVw?«nypmVoFm9tYy9�ªuiq<q . w0v|q0tYknuit0t<knvF~=v+u(~=v³{&sªÛ . o.t . uit<mVsz{&q0mp{ÌtYk&v£õ ß Ò mV{�t<vF{nq=mpt_� 2 v.t_j v|vF{ t<knvw?v�u(q . ~<v|w0v|{±t<q�u�t�t_j s?xnm��¬vF~=vF{�t�xnmVq�t)u({&oFvFq }

� knv�q=t)u 2 mVypmpt_��s(­"mV{nxnm , mVx . uiyzõ ß Ò�qEj�u(qÚw?v�u(q . ~<v|x 2 �¥t<knvÈì"knv.÷0v|yVxc¤z~<s . «�s(­"t<knv © ��� © ��ß ì
Ë szypy u 2 sz~Yu�tYmVs({¢ui{nx:~<v|q . y9tYqGq=kns�j v|x t<k2uitAtYknv@w0u�²"mVw . w , u(~<mVuitYmpsz{ªmp{¢tYk&v»u , vF~<u(¤zv»mp{±t<vF{nq=mpt_�
2 v|t_j�vFvF{ ~ . {nq�j u(q § Îñð ´"×*ò } � knv£w0u�²"mVw . w mVw?«2u(o|t . «/sz{ t<knv£«2ui~Yu(w?v|t<vF~?~<vFo|sz{nq�tY~ . o|tYmpsz{
s8oFo . ~<q�jlknvF{»t<knv�Û . o.t . uit<mVsz{	mpq�mV{@t<knv¥sz«n«/szq<m9tYv�x&mV~<v|o|t<mVsz{�­,s(~ tYknv�t_j�s?xnmVq�t)u({no|vFq } © ÑcÒ�j u(qtYk&vF~<v.­,sz~<v�«&~<s8x . oFv|x?­,~=szw�tYknv�sz~=mV¤zmp{2u(y"Ê+Ë:q<mpw . y u�tYmVs({nqÚ­,s(~¯v�u(o)kIs(­®t<knv�t_j s�xnmpq=tYu({noFv|q�u({nxGt<knv
u({2uiyp�8q<mpqÈj u(q�«/vF~�­,sz~<w?vFx 2 �?sz{&oFv�mp{noF~=v�u(q=mV{n¤�u({nx@s({noFv�xnvFo|~<v�uiq<mV{&¤�tYknv�~<v|y uit<m , vl{ns(~<w0u(yVmpqYuit<mVsz{
ó)ô ã Í ß ´ } ¦ }¨§8© « } Õzå�Î 2 v|t_j�vFv|{³t<knvcu({2u(y9�"q=vFx³u({nx	tYknv�~=v|­,vF~=vF{no|vAxnuit)u 2 � § Î } � u 2 yVv�¦ } ö q<kns�jlquIq . w?w�ui~=�@si­�t<knvFq=vA~=vFq . yptYq }

õ ß Ò Û . o.t . uit<mVsz{&q�u(~<v�v>²&«/vFo.tYv|x0tYscuL�¬vFo.t�w�uimV{ny9�ct<knvlu 2 q=sz~<«"tYmVs({?ypvF{n¤itYkIu({nxItYk&v�ìnË q=o�uit�É
tYv|~<mp{n¤�yVv|{n¤(t<k } © o)k2u({n¤zv mV{�t<knv�~Yu�tYmVs�s(­2t<knv�vFw?mpt=tYv|xG{ . w 2 vF~�si­®«nkns(t<sz{nq*uit�tYknv�t_j s¥xnmpq=tYu({noFv|q~<v.Û2vFo.tYq�uIo)knu({n¤zvcmV{»tYk&vAu 2 q<sz~=«&tYmpsz{	yVv|{n¤(tYk }	  vFo�u . q<vcs(­�t<knv�~<v|y uit<m , v|yp��q<w0u(yVy¬xnm��¬vF~=vF{no|vFq 2 v>É
t_j�vFvF{:t<knv@{ . w 2 vF~Gsi­�knmpt<q�mp{ªtYknv?t)u(mpy�s(­�tYknv@u(~<~=m , u(y¯tYmpw0v?xnmpq=tY~=m 2 . tYmVs({nqcjlm9tYk5x&m��¬vF~<v|{�tIìnË
q<oFuit<t<vF~=mV{n¤rypvF{n¤(t<knq © u£o|vF~�t)u(mp{:mVw?«2u(o|t . «/sz{5tYknvµì&Ë q=o�uit=tYv|~<mV{&¤ryVvF{&¤(tYk:oFu({ 2 v�s 2 q<v|~ , vFx uiqj�vFyVy } © qAmp{Ót<knv0oFu(q<v?s(­�tYknv?q<s . ~<oFv>É_xnv.tYv|o|tYs(~�xnmpq=t)ui{noFv © u	o)k2u({n¤zv?mV{$tYk&v0{ns(~<w0u(yVmpqYuit<mVsz{£jlmpyVy
u(ypq<s?uL�¬vFo|tlt<knv�s(tYknv|~�t_j s?«2u(~<u(w0v.tYv|~<q }
õ ¹c¸»º�ÀH¿FÆ2Ã�ñÅÆ®ð·¾ Æ�ÓF¤·Æ�¦Úñ�ôzÂ
  v|o�u . q=v�tYk&v�yVmp¤zk�t�q<s . ~<oFv?j�uiqGw�uixnvIs(­�q<m ²ÓmV{nx&m , mVx . u(y�õ ß Ò�q © vFu(o)kªjlmpt<k¢t<knvFmp~As�jl{ªx&~<m , vF~ ©
v , vF{Óui­�t<vF~�oFu(~<v.­ . y�u(x�ö . q�tYw?vF{�t�s(­*t<knvGõ ß Ò mV{�t<vF{nq=mptYmpvFq 2 �£w?v�u({&q�s(­ , u(~=m u 2 yVv�o�u(«nu(oFm9tYsz~=q7Í;uiqxnv|q<oF~=m 2 vFxrmp{rì"v|o|tYmpsz{+å }¨§"} § Î ©r, u(~=m uit<mVsz{nq . «³tYs+× ö)Î j v|~<vGw?v�u(q . ~<v|x } � k&v�v.²&u(o.t , u(~<mVuitYmpsz{	s(­
tYk&vAõ ß ÒÔmp{�tYvF{&q<mpt_�@u(q�uG­ . {no|t<mVsz{	s(­ÚtYk&vAui{n¤zyVv¥~=vFyVuitYm , v�tYs7t<knv�xnmV~=vFo|t<mVsz{@t<s?t<knv�xnv|t<vFo.tYsz~�j u(q
kns�j�v , v|~ . {&°8{&sÅjl{ } � kn~=vFv�v.²8tY~=vFw?vAq=oFv|{2u(~<mpszq�j v|~<v¥tYk&vF~<v.­,sz~<vcoFs({nq<mpxnvF~=vFx © jlknv|~<v

m } t<knvIõ ß Ò ­Hu(o|mV{n¤@t<knvGxnv.tYv|o|tYs(~�Í�tYknvA­,~<sz{�tcõ ß Ò�Î�u({nx+t<knv7sz{nv7«/szmV{�t<mV{n¤»u�j u��£­,~<s(w t<knv
xnv.tYv|o|tYs(~GÍ�tYknv 2 u(o)°@õ ß Ò�Î�u(~=vI×�ØzØ Î v|÷?oFmpvF{�t�ui{nx»tYknv�q<mpxnvcõ ß Ò�q�u(~=v�Õ ö5Î v.÷?oFmVv|{�t ©

mpm } t<knv¥­,~<sz{�t�õ ß Ò�mVqlÕ ö5Î v.÷0o|mVv|{±t�u({nx³u(ypy¬tYk&vcsitYknv|~�õ ß Ò�q�u(~<v7×�ØzØ Î v.÷?oFmVv|{�t�u({&x
mVmVm } t<knv¥­,~<sz{�t�õ ß Ò�mVq¥×�ØzØ Î v.÷?oFmVv|{�t�u({&x³uiyVy·t<knv�s(tYknv|~�õ ß Ò�qlu(~=vcÕ ö5Î v.÷?oFmVv|{�t }
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§ h w hzh w ­ § h w¯® hzh wÏoFszw 2 mV{nv|x/°

�r± á2ã>ä ×ã>ä × á2ã>ä ×ã>ä × á2ã>ä ×ã>ä ×�(²L³ á ×× á å× á ××�rµ5³ á Þ å á ææ á ææ��¶*·L¸ �5� µ)³ á ã>ä ã áã>ä ã á á ã>ä ã áã>ä ã á á ã>ä ã áã>ä ã á
¹�º¼»'½�o�p(qtpruXÀ�] T.N ] T.N;U�[?M(N ] f�}AN|{ ] T.RÅT.N ] [?M(N;U�z ].a>a f a TÛ} a f�[ NJ{ ]�^ f�N ] P2N;UHM(Q�M(P2UVT�f�N a f ^ Rf�}�N|{ ] è�éIR T�f�w a z ] K

Ë sz{&¶2¤ . ~Yuit<mVsz{»mpmVm } mVq , vF~=�	q=mVw?mVyVu(~Èt<s0o|sz{&¶2¤ . ~Yuit<mVsz{»m } v.²"oFv|«&t�tYk2uit�t<knv 2 u(o)°	õ ß ÒÜmpqlÕ ö5Î
v|÷?o|mVvF{�t�mV{nq�tYvFu(xAsi­E×�ØzØ Î v|÷?oFmpvF{�t�u({nxc«n~<s , mVxnv|qÚt<knvF~=v|­,sz~=v u�w?v�u(q . ~<vÈs(­8tYknvÈmVw?«/sz~=tYu({noFv*si­"t<knv
2 u(o)°µõ ß Ò } � knvAt<s(t)uiy�mV{�tYv|{nq<m9t_�»s . t<« . t�u(q�u7­ . {no.tYmpsz{³si­�tYk&v�u({&¤zyVv¥~=vFy u�tYm , v¥tYsItYknvcxnmV~=vFo.tYmVs({
tYsItYk&vAxnv.tYv|o|tYs(~�j u(q�oFszw?« . t<vFx	­,~<szw t<knvcmV{�tYv|{nq<m9t_�	u({n¤ . y u(~�xnmpq=t<~<m 2 . tYmpsz{»s(­¯vFu(o)k+õ ß ÒÔ¤(m , v|{u(«n«&~<s�²"mVw0uitYv|yp� 2 �AoFszq=á�� } � knv «nkns(t<sz{Gu(~=~<m , mp{n¤�uit�t<knv x&v|tYv|o|t<sz~�j u(q�t<knvF{Guit<t<~<m 2 . tYv|xGu�j�vFmp¤zk�tu(o|oFsz~=xnmV{n¤?tYs0mptYq�u({n¤(yVvcs(­*vFw?mVq=q<mpsz{µjlm9tYk³~<vFq=«¬v|o|t�t<s0t<knv�xnv.tYv|o|tYs(~ } © Ñ�ÒÔj u(q�q=mVw . yVuitYv|xµ­,s(~
v�uio)k³o|sz{&¶2¤ . ~Yuit<mVsz{ } � k&vAu , vF~Yui¤zv�q=�8q=t<vFw0uitYmpo¥vF~<~=sz~<q�­,~=szwÏuiyVy¬t<kn~<v|v�oFsz{&¶n¤ . ~Yu�tYmVs({nqlu(~<v¥¤(m , v|{
mV{ � u 2 ypv�¦ } ¦ }

¡ {¢¤zv|{nvF~<u(y © t<knv0v��·v|o|tAs(­ t<knv?u({nmpq<s(t<~<sz«��$mVq¥~=vFyVuitYm , vFy9�+q=w�u(ypy } Ê³s(q=tAs(­ t<knv0«&kns(tYs({nq�~<vF¤�É
mVq�tYv|~<vFx 2 � tYknv$xnv.tYvFo.tYsz~µsz~=mV¤zmp{2uitYv³­,~<szw t<knv$­,~<sz{�t³õ ß Ò jlknmVo)k tYk&vF~<v.­,sz~<vÓxnv.tYvF~=w0mp{nvFq»t<knvu 2 q=sz~<«"tYmVs({�yVv|{n¤(t<k } � knv�u 2 q=sz~<«&t<mVsz{0yVv|{n¤(tYk?mVq�tYk . q�v.²"«/vFo|t<vFx�t<s 2 v�~=vFyVuitYm , vFy9�7q=tYu 2 ypv�u({&x0j u(q
mV{&xnvFv|x	j�vFypy·~=vFoFs({nq=t<~ . o.tYvFx	tYsGjlm9tYknmp{»Ø } § w }N  vFoFu . q<v�s(­Úq�tYvF«	q=mlÏFv�yVmVw?mptYuitYmpsz{nq © tYknv¥v|~<~=sz~ j u(q
kns�j�v , v|~�uit=tY~=m 2 . t<vFxµu , u(y . v�s(­�knu(yp­�u7q=t<vF«µq<mlÏ|v0Í;Ø } ö w@Î } � knv�mVw?«2u(o.tYq . «/sz{»tYknv�s(t<knvF~�t<kn~<v|v«2u(~<u(w?v|tYv|~<q¥ui~<v�w?sz~=vAo|szw0«&yVv.² 2 . t © 2 vFoFu . q=v7s(­*tYknvAxnszw?mV{2ui{±t�v*�¬vFo.t¥s(­*t<knv�­,~<s({±t�õ ß Ò © u(~=v
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] �5��^7�X_ �/`
� � ^*a�b ÿ ^*b ÿ�� _��7�Ka�c"1 ÿ�� _ û Z � � � `�� 
 ` � 
 ��ÿ _dc � �!^*e ¦v¡���]W� S . � �fc�_�� ` �!a � _dc � �!_ , a 4^ � ��
 ( 02�
�W� ë a , _'b ÿ�� _dï � `1ÿ � �$ÿ a�^/b��Ma�b ÿ�� _ û[Z c � _ ÿ ^ ÿ�� _6
�age�a ÿ _dc � � � ÿ
��ÿ a?� ÿ a ` ��1 ÿ�� _ , � 
 � _��f^ � ÿ�� _
� � � � eF_ ÿ _�� ` ^*e � a�b �$ÿ a�^/b����Ma ÿ��õûPZNPORQ ®TS . ÿ�� _h_����K^7�i_�
�
�a � �!_V05�W_��!_j^ � ÿ
� agb�_'c � ( � ÿ-ÿ a�bW�
� �K_ ` ^/b�ck^��!c�_�� � ^7
 ( b�^*eFa � 
 � ^7�l_ �/`
� ��
ga ` _j^ � � �*a , _'b � � � � eF_ ÿ _���1 = _d_ � agb�� ÿ�� _Y^ ÿ�� _��
� � � � eF_ ÿ _�� , � 
 � _ ` ^*b�� ÿ
� b ÿ .l�K_'_ó�ma�� � �!_#]W� Sn] 0)� ; � a?� ( a�_�
gc�� � �!_��!a�_��\^ � c ��ÿ
� � ^*a�b ÿ �
� � a `
�é��� , _ �Jû[Z î û[ZNoORQ ®pS �

q �ZY1bY_�
?
ga � �K_O� � �S� ÿZÿ _dc ÿ ^ ÿ�� _��K_rc ��ÿ�� � ^*a�b ÿ �P.��ma�� � �K_�]W� S �h021 � �!a�bW� � � ÿ�� b�c � �!c � �K^ ` _'c � �K_
ÿ ^ `�� 
 ` � 
 ��ÿ _ ÿ�� _ ` ^7���K_�
 ��ÿ ag^*b ` ^�_)' ` a�_db ÿ �ms ]7 utÕ1*� � a `
�L�/v _�� � eFe �/v a�\'_'cwa�bwx � _ � ^7
?
g^V�Ma�b�ye � x v a�A��z{{{{{{

|

�*° ����� �*G7� C ` ^7��E�FHG7�
�*° S �1} �gS���~:�I� �1} ��Su]�~R�I� �1} � }   ~R�I�
����� S ��} �  h^ ��} �_� ]
�*G7� S ��} �   q

C ` ^7��E7FHG�� S

�:������
�
�

; � _h_db�x v ag_���e �/v = _'cL�Magx � ~R�I� agb�x � a��re � x v aÃA �/v _ ` ^*e � � x�a � 
�_B�Magx � \d_ v ^\x!^t�Magx � a�b�x � _
��x�_ � �!a�\'_i^ � x � _ � �/v�� eF_dx�_ v � � b�cwx � _i_ v!v ^ v �M^*bYx � _i_�
?
ga � �K_ � �/v�� eF_dx�_ v ���



�/V��	¨�A/D�Al��3
A/8:9�TL?VT�©9ª�«U¬I�����
V���3�>�­ 0&2 6
D 2 >F� 2 5��������l�L>@> 2 5YTL?�<43&T S } �

 [m]LCλ
160 165 170 175 180 185

 [m
]

SCλ

125

130

135

140

145

150
LCλ and SC

�λCorrelation between 

Mon Aug 19 17:51:27 2002
� �
�������'�\ 

¡�¢;£�¤f¥m¦�§/¨�©
ª�«F¬E­H§/®¯«L°�°�¬4°F«Lª�ª:±²©�³n«�´J³n¬4ª:±Bµjª:±�®=«I¶f­G¬4°�·
¸4¹»º/«L°�³L¼�³r·�½*¹P¾�¿%ÀJÀI«!µÀI¬\ÀÂÁ�«hµ�§/ÀU§@©�¬4±�®�ÀÂ³HÃÄ±�ÀÂÁYÅPÆrÇÈÅ[ÆÉoÊRË�ÌÎÍ ´Eµ�§4³ Á�«!µYª:±�®=«I¶/ÏÑÐ&Á�«�©�¬4±�®�ÀXÃÄ±�À�Á¯«L°�°�¬4°hÒ §/°�³³ Á�¬4Ãm³iÀ�Á�«�¼�®=Ó ¬4°�°�«Lª�§/ÀI«!µw«L°L°�¬4°�³'Ï
ÔXÕ�ÖÑ×dØ*Ù!ÙKÖ'Ú�Û;Ü�ÝgØ*Þp×'Ø�ÖdßF×'ÝgÖ'Þ�Ü�àáØ/âHÜ!Õ�Ö¯Û;ã�à!Ø*ÙKä�Ü�ÝgØ*ÞåÚ�Ö'Þ�æ/Ü�ÕpçMÝgÜ!ÕåÜ!Õ�ÖÑØ;Ü�Õ�ÖdÙáä�Û;Ù�Û/èFÖdÜ!Ö'Ù!à\ÝgàÙ!ÖdÚ�Û;Ü!Ýgé/Ö'Úgêkà!è�Û/ÚgÚlëBÛ/Þ�ìp×'Ø*Þ�à!Ý�à�Ü�ÖdÞ�ÜYçMÝ�Ü�ÕîídÖ'Ù!Ø�ïLðÈÔXÕ�Ý�àYÝ�àj×'Ø*Þ�àKÝ�à�Ü�Ö'Þ�Ü\çMÝgÜ!Õ»Ü�Õ�Ö�âBÛ;×dÜñÜ!Õ�Û;ÜñÜ!Õ�ÖÛ/ã�àKØ*Ù!ä�Ü�Ý�Ø/ÞòÚgÖ'Þ�æ/Ü!ÕòÝgà\èjÛ/ÝgÞ�Úgêkì�ÖLÜ�Ö'ÙKè�ÝgÞ�Ö'ìòã�êîÜ�Õ�ÖóÙ!ÖdÚ�Û;Ü!Ýgé*ÖôÞ�õ�èlã
Ö'ÙwØ/âH×'Ø*õ�Þ�Ü!à�Û;Ü\Ü!Õ�ÖóÜIç�Øì�ÝgàKÜ Û;Þ�×'Ödà�Û/Þ�ìwÞ�Ö'ÝgÜ!Õ�Ö'ÙMØ/âPÜ�Õ�Ö�Ø;Ü�Õ�ÖdÙMé;Û/ÙKÝ�Û/ã�Ú�Ö'àW×'Ø*Þ�àKÝ�ì�ÖdÙ�Û/ã�Úgê\Û;ö�Ö'×LÜ�àXÜ�Õ�Ý�àXÞ�õ�èlã
Ö'Ùdð
ÔXÕ�ÖÑà�Ü�ÙKØ*Þ�æ»Û;Þ�Ü!Ý�÷U×'Ø*ÙKÙ!Ö'Ú�Û;Ü�ÝgØ*Þîã
ÖdÜIç�Ö'Ö'ÞTÜ!Õ�ÖóÙ!Ö'è�Û/ÝgÞ�Ý�Þ�æøä�Û;Ù�Û/èFÖdÜ!Ö'Ù!àwà!Õ�Ø*õ�Ú�ìå×'Ø/è�ÖÑÛ/àwÞ�Øà!õ�Ù!ä�ÙKÝ�à!Ö;ðÄÔXÕ�ÖfàKÜ�ÙKØ*Þ�æ*ÖdàKÜWØ/â&Û;Ú�Ú�×'Ø/Ù!Ù!ÖdÚ�Û;Ü!Ý�Ø*Þ�àÄÝ�à%ã�ÖLÜIçWÖdÖ'Þ ·�¸4¹ Û/Þ�ìúùJ×dØ*à�û*ü ½/¹ ðýÔXÕ�Ýgà%Ý�à%ÖLþ�ä�Ú�Û/Ý�Þ�Ödìã�êpÜ�Õ�ÖôâBÛ/×dÜwÜ�Õ�Û;ÜáÛÿ× Õ�Û;Þ�æ*Ö¯ÝgÞ ùB×'Ø*à�û/ü ½*¹ ì�Ý�ÙKÖ'×dÜ!ÚgêîàKÝ�èlõ�Ú�Û;Ü!Ö'à\Ûk× Õ�Û/Þ�æ*ÖóÝ�ÞpÜ�Õ�ÖÑÛ/èFØ*õ�Þ�ÜwØ/âã�Û/× � àK×GÛ;ÜKÜ�Ö'ÙKÝ�Þ�æ�Û/Þ�ìñÜ!Õ�Ö'ÙKÖdâÂØ*ÙKÖ�Ø/â����îà!×GÛ4Ü!Ü�ÖdÙ!ÝgÞ�æ�ðÄÔXÕ�Ö�×dØ*Ù!ÙKÖ'Ú�Û4Ü�Ý�Ø/Þjã
ÖdÜIç�Ö'Ö'Þ ·
¸4¹ Û/Þ�ì ·�½*¹ ×'Û/Þã
ÖXõ�Þ�ì�ÖdÙ!àKÜ!Ø�Ø�ìlâÂÙ!Ø/è��	��ð�
�ð
�hëBä&ð����*ï��;çMÝgÜ�ÕlÛr×'Ö'Ù�Ü Û/ÝgÞ@ì�Ö'æ/Ö'Þ�ÖdÙ�Û/×LêlâÂØ*Ùýä�Û;Ù�Û/èFÖdÜ!Ö'Ùm×dØ*èlã�ÝgÞ�Û;Ü!Ý�Ø*Þ�àçMÝgÜ!ÕóÜ!Õ�Ö@à�Û;è�ÖFÛGé*ÖdÙ�Û/æ*ÖhàK×GÛ;ÜKÜ�Ö'ÙKÝ�Þ�æwÚ�ÖdÞ�æ/Ü!Õ&ð��pÕ�Ý�ÚgàKÜ�Þ�Ø/Üi×'Ø*èFä�ÚgÖdÜ�Ö�� Ü�Õ�Ö@ì�Ödæ*Ö'Þ�Ö'Ù�Û;×dêóã�ÖLÜIçWÖdÖ'Þ·�½*¹ Û;Þ�ìñùB×'Ø*à�û/ü ½*¹ ×GÛ/Þ�ã�Ö%õ�Þ�ì�Ö'Ù!à�Ü�Ø�Ø�ì�Ý�ÞiÜ�ÖdÙ!èFàPØ;â�Ü�Õ�Ö�ÖLö=Öd×dÜ�Ý�é*Ö�à!×GÛ4Ü!Ü�ÖdÙ!ÝgÞ�æ1ÚgÖ'Þ�æ;Ü�ÕjëÂâÂØ*Ù[Ù!Ö'Û/à!Ø/Þ�àì�Ödà!×'ÙKÝ�ã
Ö'ìáÝ�Þ���Ö'×LÜ�ÝgØ*Þ�
�ð
��ïLð
��ÙKØ*è �oÝ�æ*õ�ÙKÖ���ð Í ���rÝ�Ü\Ý�à\×'ÚgÖGÛ/ÙñÜ!Õ�Û;Ü\âÂØ*ÙYÜ�Õ�Öôé;Û/Ù!Ý�Û/ã�ÚgÖ'àjçMÕ�Ýg× ÕTÛ/ÙKÖôàKÜ�ÙKØ*Þ�æ*Ú�êî×'Ø/Ù!Ù!ÖdÚ�Û;Ü!Ö'ì��Ü�Õ�Ö�×dØ*Ù!ÙKÖ'Ú�Û4Ü�Ö'ìwàKÜ�Û;Ü�ÝgàKÜ!Ý�×GÛ;Ú&Ö'ÙKÙ!Ø*ÙKà�Û/ÙKÖià!Ý�æ/Þ�Ý���×'Û/Þ�Ü�Ú�êYà!è�Û/Ú�ÚgÖ'ÙWÜ!Õ�Û/Þ\Ü�Õ�Ö�õ�Þ�×dØ*Ù!ÙKÖ'Ú�Û;Ü�ÖdìáØ*Þ�Ö'à'ðWÔXÕ�ÖÝ�èFä�Û/×LÜ Ø/â�Ü�Õ�Ödà!Ö
×'Ø*ÙKÙ!ÖdÚ�Û;Ü!Ý�Ø*Þ�à=õ�ä�Ø/ÞiÜ!Õ�Ö	��Þ�Û/Ú/Ù!Ö'àKõ�ÚgÜ!à[Ý�à Õ�Ønç�Ödé*ÖdÙoàKèjÛ;Ú�Ú��'ã�Öd×GÛ/õ�àKÖ
Ü!Õ�Ö%ÖLþ�ä
Ö'Ù!Ýgè�ÖdÞ�ÜÝ�àMÚgÝ�èFÝgÜ�ÖdìYØné*Ö'Ù!Û/Ú�Ú[ã�êYÜ�Õ�Ö�à�ê�à�Ü�ÖdèjÛ;Ü!Ý�×�Ö'ÙKÙ!Ø*ÙKà'ðWÔXÕ�Ö ��Þ�Û;ÚPÙKÖ'àKõ�ÚgÜ!à�Û/ÙKÖ�Ü�Õ�ÖdÙ!ÖdâÂØ/Ù!Ö�ä�Ù!Ödà!Ö'Þ�Ü!Ö'ì�çMÝgÜ!ÕÜ�Õ�Ö'Ý�ÙXõ�Þ�×'Ø*ÙKÙ!ÖdÚ�Û;Ü!Ö'ìwÖ'Ù!ÙKØ*Ù!àdð



�/V²�ôª[« ¬I�����
V���3�>�­"!kÌ�8:9ñ�������H�L>@> 2 5YTL?�<43&T�©$# 2 T)Ì�8:D,T S }&%
] q e q*q e ' ] q e ® q*q e ` ^*e � a�b�_dc�(

) ° ] %�* S-� }�* � ��+ ± Z+ ± + ] � * �h� },* � �-+ ± ¶+ ± + ] � * �h� }�* � ��+ ± Z+ ± +
)/.�0 S21�37�   � + µ+54 S q   �hS � � Z ´Z ³ S21�37� % � +54+54
)76�0 S %*} �@S � � Z ¶Z ¶ S % � �hS % � +98+ ¶ S23&1h�@S } � +54+54

: ·�¸�¹2;�< 6&0 }�* � % � }�* } 37� ³�± + ¶³�± + Z }�* � S-� }�* }�% � ³�± ³>=³�± ³>= }�* � q � }�* } � � ³�± ³>=³�± ³>=
º�»�¼"½�¾�¿*Á@?*Ä �BA � �C#ED 0 < 6
DB?NË!A/8�6
5�< 6 2 5�DB? 2 Tr?�3áDìÈ 2 ª�«s¬I�����
V��@3�>�­�©[C%3
A/8
5 2 T)Ì�8:D�TRÆG<45DÉÈ 2@0&2 6
D 2 >F� 2 5l�������w?�>@> 2 5YTL?�<43&T'V � È 2 C%5YTLDfA/3�Ï»T 2 Ë <43�Ï 2 5L5�<45YT9Ë <45�5 2 TI6�<43�ÏYDE<\DÉÈ 2
Ì�3:Ë <45L5 2 8�A/D 2 Ï?TLDUA/DB?VTLDB?NË!A/8PA/3�Ï�DE<4D�A/8·TL9�TLD 2 >FA/DB?NË 2 5�5 <45YT�5 2 TI6 2 ËLDB?�� 2 8:9*V

ÒZÓÕÔZÓ>F GDÝHâPá�ÛIHôÚoã�JdÛÕà�ã
K$L�_���b�M&N v _PO � NgxQOSRÂ^ v xTL�_EU�_WV�x�_de � _ v SV�7��� c7M;xQMCM v _XOTL�^2YMbha�b�KSM � Ng_ %�* � * K$L�_�� v O�xZM/b�c"OK_ ` ^*b�c_ vKv ^ v O ` ^ v!v _WOTV
^*b�cúx�^�xQL�_ � b ` ^ vKv _WN[M;x!_'c\OKxQM;x�a�OKx!a ` M�NSM;b�c�x�^/xQM&N]O_^`OKx!_'eaM;x�a ` _ vKv ^ v O v _WOTV
_ ` x!a�b/_PN�^c YEL�_ v _wxQL�_dOe^,O�x�_defM;x!a ` _ vKv ^ v OgR v ^*e xTL�_ � M `ih y v ^ � b�c b�^/ajO!_kM/b�ckxQL�_D��x v M/b�y*_dY�_ v _�M/c�c�_'ca�b>¡ � M;c v M;x � v _lYMa�xQL xTL�_jx�^;xiM&N�_�m,V�_ v age�_db�xQM&NXOe^`OKx�_defM4x�a ` _ v!v ^ v OWnoO � eFefM v ajpd_'c agbqK�M � N�_ %,*  �nV * S } ]�r * ísL�ajNjO�x@xQL�_dOe^,O�x�_defM;x!a ` _ v!v ^ v OIM v _tNjM v y/_ ` ^*eIV7M v _'c x�^úxQL�_kO�xiM;x!ajO�x�a ` M&NW_ v!v ^ v OWn
xTL�_V7M v M/eF_dx�_ v OtM v _�^2b*_ v M&N�NuY�_PN�N ` ^*b�OKx v M/agb�_'c * K$L�_�y*^�^�cvM/y v _d_'eF_'b�x � _dx>Y�_'_dbåxTL�_ ] q e�n7xTL�_q*q ewM/b�cFxQL�_ ` ^*e � a�b�_dcjc7M4xiMxOTL�^2YEOWxTL7M;x%xQL�_f_�m,V
_ v a�eF_'b�xyM;b�cja�xQOZO_^`OKx!_'eaM;x�a ` _ v!v ^ v OzM v _EY�_PNjN
� b�c�_ v O�x�^�^�c�M/b�c\xQL�M;xXxQL�_{M/b�M&N�^`O!a�OXe�_LxQL�^�c\c�_Wb/_PNg^�V�_dc�agb\xTL�ajO ` L�M&V�x�_ v ajOyb*_ v ^ v _PN�ajM � Ng_ *
|d}e~ ��� �7�a�{~�}�� �\� ���f�\�W� �x�g�g� ��� � ���Z���P�I�\�u���������\�W�	�
K$L�_fc7M;xQM�xiM h _'bjc�  v agb�yrxQL�_¢¡& �N£^ S2¤&¤�¤ a�eFe�_ v OKa�^*b�O]YW_ v _MxiM h _'baM;x S¦¥ e�M;b�c ] q e * K$L�_¢Ng^2YW_ vOKxQM;x�a�OKx!a ` O c ` ^/eaV7M v _'cñx!^HxQL�_{U�_PV�x!_'e�§
_ v S2¤�¤�¤ c�M;xiM r ` M& �OK_'cYxQL�_�OKxiM4x�ajO�x�a ` M&N
_ vKv ^ v OXRÂ^ v _PM ` L\^&RxQL�_CV7M v M/e�_Lx�_ v O�x!^�§
_BN[M v y*_ v RÂ^ v xQL�_WO!_�c7M4xiM�n,M/b�cjxTL�_CO_L�^ v x!_ v c�ajOKxQM/b ` _ ` ^/e�§�a�b�M;x�ag^*b v _PO_ �Ngx!_'ca�b�MfN[M v y*_ v O!_db�O!a�x�a�b�a�x>^wx!^fb�M v ag^� �O1^&RÄxQL�_H_�m,V�_ v age�_db�xQM&N� �b ` _ v xiM;a�b�x�ag_PO *B¨ eF^*b�y�O�xr^/xTL�_ v OPn=xTL�_M `d`   v M;x�_ h b�^2YEN�_'c�y*_H^&RoxQL�_{OTL�M&V�_�^&RoxQL�_ M/a v O_V�_ ` x v  �e©YXM&O¢RÂ^� �b�cwx!^a§
_�e�  ` L�eF^ v _ `dv   ` a[M&NM;xixQL�_IO_L�^ v x�_ v c�a�OKxiM;b ` _�n�YEL�_ v _hxQL�_aO_L7M&V
_F^�R�xTL�_fM v!v a£b�M&Nox!a�eF_@c�ajO�x v a�§� �x!a�^*bú^&R
xQL�_IV�L�^/x�^/b�Ov _WO!_de�§�N�_WO�e�  ` L�eF^ v _�xQL�M;xf^&RmxTL�_�M/a v OTV
_ ` x v  �e xTL7M/bªM;xuN[M v y*_ v c�a�OKxQM/b ` _WOPn/YEL�_ v _�xTL�_ O_L7M&V
_L7M&O@_�«=_ ` x!a�b*_WN�^¬§�_d_'b­O!eF_®M v _'c ^� �xlxQL v ^� �y�L¯O ` M;xKx�_ v a�b�y * K$L�ajO@_�«=_ ` xhajO OTL�^2YMbÿa�bqKSM&§�Ng_ %�* qc V * ¤�3�r n`YEL�_ v _�xQL�_ra�eIV7M ` x7^&R xTL�_xM/a v�` M&Ngaj§ v M;x�ag^*bIOTV
_ ` x v  �e° �V
^*bt§�^;xQL )76�0 M/b�c : ` ^�O/;&< 6�0 a�ON[M v y*_ v M;x ] q e xQL7M/bgM4x q*q e *]¨ c�c�a�x�ag^*b7M&N�N�^�n¦§
_ ` M& �O!_X^�R�xQL�_yNjM v y/_ vmv M;x�ag^�^&R�c�a v _ ` xox�^�O ` M;x!x!_ v _'cV�L�^;x�^*b�O¢M;xMxQL�_ O_L�^ v x!_ v c�ajO�xiM/b ` _POWn�xQL�_�b� �e�§
_ v ^&R�V�L�^/x�^*b�O1agb\xTL�_ixiM/a�N&^&RmxTL�_�c�ajO�x v a�§� �x!a�^*bYa�Ov _WN[M;x!a�b/_PN�^BO!eaM&NjN�M/b�c�efM h _PO[xQL�_
c�a�OKx�agb ` x!a�^*b�§
_dx>Y�_'_dbHxQL�_zV7M v M/eF_dx!_ v O[_�m�x v _de�_WN�^�c�a£± `  �N�x * K$L�_S¦¥ e c7M4xiM�n
a�b�V7M v x!a `  �N[M v n7YW_ v _-RÂ^� �b�c�x�^fL7M®b*_�O_  ` L�N[M v y*_ O�xiM;x!ajO�x�a ` M&N�M/b�cªO_^`OKx!_'eaM;x�a ` _ vKv ^ v OxQL�M;x�b�^Yagb�RÂ^ v eaM;x!a�^*b ` ^& �N�c\§
_l_�m�x v M ` x�_'c * K$L�_ ] q e c�M;xiM ` ^� �Ngc\L�^2YW_�b*_ v O�x�ajN�N�§�_gM/b�M&N�^`O!_dc
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UV (374.5 nm): 24 m, July 1999
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UV (374.5 nm): air spectra and data
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Blue (472.6 nm): air spectrum and data
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ANTARES: July 1999
ANTARES: Sept. 1999
ANTARES: June 2000

AMANDA (deep ice)

Pope & Fry (purest water)
Smith & Baker (clear ocean water)
Baikal (deep lake water)

Absorption: various waters and ice
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ð�õ~ö â°÷éø À/ùkú�ûéü�ý<þ�ûîÿéü ø���ã ûéý ÷�� ÿéõ~ý���� ø ��ö)ÿéü�û	� ø
� û â�÷�ø
��� ÿ�ÿ�ü ø î ÷�
 î������ ûéõ©ÿ ø õ�� ?�â ��� � � �
� ø�� ÿ ø � ã�ø ÷ ú ;3;3; õ��ëÿéü ø»ä»å���� ÿ ��� ø �2ÿ ÷�� �±þ ���)ø � ø ��ö)ÿéüáý��! 2À � ùA0"�#�%$ � � � ÿ�ü øªø�á¯ø�� ÿéõ �3ø���ã û�ý ÷��'&
ÿ�õ©ý��%� ø ��ö�ÿ�ü�û � � ÷ ý��(
 ��ã � ø") ù©ú*$gõ���ÿ�ü ø�ä»å+� � ��ã � â°ø,�å� À�-/ù ) �#�%$.� ÷ ý�� ÿ�ü ø�?�â � ø -0/�/�/ �1� ÿ � ù î
ÿ2� � õ �
� �xû ø ÿ�ý�� ÷�ø û â �©ÿ�û3�åý ÷ ÿ�ü ø4��ã û�ý ÷�� ÿéõ~ý���� ø ��ö)ÿ�ü°ûbý��°ÿ�ü ø5� � ø
�)÷éø û�ÿ6� � ÿ â�÷7� �2þ � ÿ ø ÷ û8� ÷ ý�� � ��õ©ÿéü:9
;<��=�ø�÷:� � ; $ ò ��) ô � � �>��â�÷�ø û�ÿzþ � ÿ ø ÷ � ÷ ý���Bbý ��ø 9ûð ÷ � � B�ð?$ ò@ 20�ô �)÷�ø ûéü�ý<þ	� � û �A� ý�� �1��÷ õ~û�ý��CB
ÿ�ü ø���ã ûéý ÷�� ÿéõ~ý��D� ø ��ö)ÿéü�û�õ���ÿ�ü øFEG� � ø
�)÷éø û�ÿH� � ÿ â�÷�� �uþ � ÿ ø ÷ ûJI ��÷éø ûJ� � ��� ø ÷ ÿéü � ��õ�� �<â�÷éø þ � ÿ ø ÷
ã � � � ��� ÿéý ÷ ý�� Ã -¦ÿ�ý Ã�� ý �3ø ÷ ÿéü ø þ ���3ø � ø ��ö)ÿ�ü ÷7� �°ö ø  2À30 &Ð� À30%�#�@ùH
ªü�õ~û�õ©û ã�ø�����â û ø ý0��ÿéü ø
��÷�ø û ø � ��ø ý��bõ�� ��â�÷ õ©ÿ�õ ø û�õ��K� � ÿ â�÷�� ��þ � ÿ ø ÷ ûªþ�ü�õ � ü � ý��2ÿ ÷ õ ã�â ÿ ø ÿ�ýëûéý�� ø���ã ûéý ÷J� ÿ�õ©ý�� ù î �
� ý ÷�� õ���ö
ÿ�ý � ; �:ÿéü ø��Zâ�÷G�3ø ûéü�ý<þ	�L�åý ÷ ÿ�ü øMEJ� � ø��)÷ ý ��ø
� ��þ � ÿ ø�÷ û�I � õ���ð�õ©ö â�÷éø À/ù©úN$ �°÷ ý � õ ��ø û�ü°ý�þ ø��)ø�÷
ý��#�O� � � â#�#��ø�÷ �©õ���õ©ÿ�ÿ�ýëÿ�ü øP��ã ûéý ÷J� ÿ�õ©ý���� ø �°ö)ÿ�ü�û � � �Q� ý â � � ü �N�)øcã�ø�ø � Ã -30�R(�~ý<þ ø ÷ ÿ�ü � �èÿéü ø
ý�� ø û ÿ�ü ø � � ü°ý3û ø�� û�ÿ�ü ø ��ý3û#ÿ ÷éø���÷éø û ø �iÿ � ÿ�õ �3øS�0� � â°ø ûuý �)ø�÷ ÿ�ü ø þ ���)ø � ø ��ö)ÿéü ÷�� ��ö ø  �/�/ &Ð� ¿�/��#�£ù
ô[ü�õ��~û�ÿ�ÿ�ü ø î ÷�
 î������ ûéõkÿ øA��ã û�ý ÷�� ÿ�õ~ý��T� ø �°ö)ÿ�ü�û � ÿP 2À � ùA0%�#� �)÷�ø�Ã  �->R û�� � ��� ø�÷ ÿ�ü � �8ÿéü ø
ò´â ý)ÿ ø
�UE�ã�ø û#ÿ7I �0� � â�ø ý�� � ; �!ÿ�ü ø � �)÷éøV��� ÿ â1� �����ãý��W��� Ã ú3ú*R û�� � ��� ø�÷ ÿéü � ��ÿéü ø õ ÷ �©ý<þ ø ÷ �©õ���õ©ÿ
� õ�� � � â#� õ���ö�ÿ�ü ø -30�R â � ��ø�÷ ÿ � õ��2ÿ2�#$yù î ÿ � À0 P�#�V�2ÿ�ü ø î ÷�
 î������ ÷�ø û â �©ÿ�û �)÷�ø�� ý���ûéõ©û�ÿ ø �2ÿuþ�õkÿ�ü�õ��
ÿ�ü ø -30�R â � � ø�÷ ÿ � õ��2ÿ2�£ý��>ÿéü ø � ;`÷�ø û â �©ÿ�û ùS
ªü ø þ � ÿ ø ÷S� ÿ�ÿéü ø î ÷�
 î����5� û�õ©ÿ ø ÿ�ü â ûX� � ���~ûzõ��2ÿéý
ÿ�ü ø õ ÷Y�°ø�ø ��õkÿ�õ©ý��-ý��bÿéü øQEJ� � ø��)÷�ø û#ÿ�� � ÿ â�÷�� �¯þ � ÿ ø ÷ ûJI�ù
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[ � � ý�� �1�)÷ õ~ûéý��Ø�xÿéü ø þ � ÿ ø ÷ ý��\� �0=)øS;<� õ =]� �)ò � -	ô û�ü�ý<þ�û �,��ø
� ÷éø
� û ø õ�� ÿ�ü øS� ã ûéý ÷J� ÿ�õ©ý��^� ø ��ö)ÿéü
ã�ø �~ý<þ �2; /T�#� ã �D��ý ÷éø ÿ�ü � � ) /_R þ�õkÿ�ü ÷éø û ��ø�� ÿ�ÿ�ýãÿ�ü ø�� � ø���÷ ý � ø�� ��þ � ÿ ø�÷ û�ù%ð ÷ ý��`��ý ÷éø
÷éø���ø �iÿ,� ø
� û â�÷�ø � ø �2ÿ�û�ò �3� ôR�bÿéü ø^��ã ûéý ÷J� ÿ�õ©ý��a� ø ��ö�ÿ�ü � ÿ � À)0>�#� þ � û��åý â � � ÿéý ã�ø ��ý ÷éø ÿ�ü � �
0�/_R�ûéü�ý ÷ ÿ ø ÷ ÿ�ü � �ãÿ�ü ø ý�� øA� ÿ�ÿ�ü ø î ÷�
 î������ ûéõkÿ ø ù [ � � ý��2ÿ ÷�� û�ÿZ�!ÿéü ø � ø
� û â°÷éø � ø �2ÿéûÝý0��ÿéü ø
ý � ÿéõ �
� � ��÷ ý ��ø�÷ ÿ�õ ø û�ý0�±ÿ�ü ø5��ø�ø�� õ ��ø � � ÿbÿ�ü ø � ý â ÿéüëBbý�� ø¨ã �Ýÿ�ü ø î " î ÷"b î $ ý���� ��ã ý ÷7� ÿ�õ~ý��Ø�<ûéü�ý<þ
� � â#� üc�~ý���ö ø�÷S��ã ûéý ÷J� ÿ�õ©ý��d� ø �°ö)ÿ�üØ�!û�õ���õ�� ��÷ ÿéý �e� � � � �)÷ ö ø�÷X��ã ý �)ø�� 0�/K�#�dÿ�ü � �f$�ÿ�ü øA��â°÷éø û#ÿ
þ � ÿ ø ÷ ý��!B�ðuù'
ªü ø û ��ø�� õ ø#� � ø�� ÿ â�÷�ø þ�ü�õ � ü ÷éø � � ÿ ø û�ÿéý � ��� ÿéü ø � ø�� û â�÷�ø � ø �2ÿ�û õ©û�ÿéü ø þ ���3ø � ø �°ö)ÿ�ü
��ø���ø � ��ø � ��ø � þ�ü�õ � ü£õ©û �3ø ÷ �-ûéõ�� õ�� �)÷ �åý ÷Y� ����þ � ÿ ø�÷ û �e� � � õ � ø $�� � �©ÿéü�ý â ö3ü¦ÿéü øP;<� õ =0� � �0� � â°ø û �)÷�ø
ûéü°õ��Ùÿ ø�� û�ý�� ø þ�ü � ÿ�ÿéý�þ �)÷J� û	�~ý���ö ø�÷ þ �N�)ø � ø ��ö)ÿéü�û�ù
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î û � õ~û �Zâ û�û ø
� õ�� � ø�� ÿ�õ©ý��n-/ùo °ùkú�� � $ û �
� ÿéÿ ø�÷ õ���ö �
� � ã�øT� ÿ�ÿ ÷ õ ã�â ÿ ø
� ÿéýYû �
� ÿéÿ ø�÷ õ���öp� ÷ ý�� [#$ û
û�� � ��� ø�÷ ÿéü � � ���#�°÷ ý�q/õ�� � ÿ ø ���cr & -�/°ùQ
ªü�õ~ûÝÿ2� ��ø ý0��û ��� ÿéÿ ø ÷ õ���ö%õ~ûÝý��Ùÿ ø � ÷�ø � ø�÷�÷éø�� ÿ�ý � û EJ��â�÷�ø
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� ÿéõ~ý��>-xùv �ÿ�ü � ÿ ÿ�ü°õ~û ÿ ø ÷ ��õ &
��ý��©ý3ö�� ��� � ã�ø ��õ~û�� ø���� õ���ö ã�ø�����â û øH�3ø ÷ �8ûJ� � ���bõ�� �<â�÷ õkÿ�õ ø û �
� � ø q/ü�õ ã õ©ÿ�ÿ�ü ø û � � ø û ��� ÿéÿ ø ÷ õ���ö
� ��ö â � �)÷	� õ©û�ÿ ÷ õ ã<â ÿ�õ©ý�� � ûîÿ�ü ø ûJ� � ��� ��ø �°ûéõ©ÿ2�>w â#� ÿ â1� ÿ�õ~ý���ûîõ��£ÿéü ø:��â°÷éø þ � ÿ ø�÷H�e� � � ÿ�ü � ÿîÿ�ü ø ÷éøx&
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ÿ�ü ø � $ û �
� ÿéÿ ø�÷ õ���ö^� ø ��ö�ÿ�ü£þ�õkÿ�üm
 ø û#ÿ� � �)÷éø:� �~û�ý � á�ø
� ÿ ø
��ã �@ÿ�ü ø û ø õ�� �<â�÷ õkÿ�õ ø û � û�õ�� � ø 
 ø û�ÿ� �
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ªü ø
÷éø û â �kÿ�û4� ÷ ý�� þ�ü � ÿuÿéü ø �©õ©ÿ ø ÷7� ÿ â�÷éøz÷éø � ø�÷ û ÿ�ý � û�ÿ�ü ø�EG��â�÷éø þ � ÿ ø�÷ IH� ø
� û â�÷�ø � ø �2ÿ�û ��� � � þ�ü � ÿªõ©û
÷éø � ø�÷�÷éø
� ÿ�ý�õ��èÿ�ü°õ~ûªÿ�ü ø ûéõ©û � û � $ û �
� ÿéÿ ø�÷ õ���öA� ø
� û â°÷éø � ø �2ÿéûi$ªý�� � õ á¯ø ÷éø �iÿ�þ � ÿ ø ÷ û �)÷éø ÿéü â û���ý�ÿ
ø q ��ø
� ÿ ø
� ÿ�ý ã�ø ÿéü ø û � � ø{�!ã�â ÿîû�ü�ý â � ��ã�ø ûéý�õ��èÿéü ø �~õ���õ©ÿ�ý��bõ�� ø ��õ©ÿ ø ��� ��â�÷�ø þ � ÿ ø�÷ $'ù

" ý ÷éø ��òvú�À<ô � ý�� �1�)÷éø�� ÿ�ü ø � ø�� û â�÷éø � ø �iÿéû ý��Xÿéü øKEJ�<â�÷éø þ � ÿ ø�÷ Iëû ��� ÿéÿ ø ÷ õ���ö � ý øuzV� õ ø �iÿ4� ÷ ý��
�0�)÷ õ©ý â û ø q ��ø ÷ õ�� ø �iÿéû�ù � q � ø
� ÿ?�åý ÷ ý�� øuø q ��ø ÷ õ�� ø �iÿZ��þ�ü�õ � ü â û ø�� ÿ�ü ø � ø ÿ�ü�ý � ý�� � õ~û�ÿéõ���� � ÿéõ~ý��Ø� � ���
â û ø
��ø �kÿ ø�÷ û�þ�õkÿ�ü �P� ý ÷éø û�õ ¾ ø ý��\//ù©úîý ÷ /°ùv-�-�}C� ÿ�ý �<â�÷ õO�~�ëÿ�ü ø þ � ÿ ø�÷ ù?
ªü ø�÷7� ��ö ø ý0� �0� � â�ø û��åý ÷
ÿ�ü øAEJ��â�÷�ø I�� ÷éø û�ü�þ � ÿ ø�÷ û �
� ÿéÿ ø�÷ õ���ö � ý øuzV� õ ø �iÿ6� ÷ ý�� ÿéü ø5�0�)÷ õ~ý â û ø q ��ø�÷ õ�� ø �2ÿ�ûbõ~û3� �)÷ ö ø �]�/õ ø � � õ���ö
�0� � â°ø ûáý0� ���#��÷ ý�q°õ�� � ÿ ø �O�[úN/�/ & ú�0�/d� õ��çÿéü ø�äzå�� ÿ^ 2À � ùA0c�W���yù«ô[ü�õ��~û�ÿ " ý ÷�ø � ø q � � � õ�� ø��
ÿ�ü ø�� õ©û � ÷éø
�#� � � õ ø û ã�ø ÿqþ ø ø �>ÿéü ø û ø¡÷�ø û â �©ÿéûîõ��-ÿ ø�÷ � û�ý��bÿ�ü øP�����Zâ�÷���� �-ý��bÿ�ü øP��� �~õ ã°÷7� ÿéõ~ý��¦ý0�bÿéü ø
õ�� � õ � õ �<â1� � ø q ��ø�÷ õ�� ø �2ÿ�ûZ� � õ á�ø�÷éø � ��ø û ��â�ø ÿéý�ÿ�ü ø<� ý��2ÿ � � õ�� � ÿéõ~ý��Ýý��±ÿ�ü ø þ � ÿ ø�÷ û:þ�õ©ÿéü�õ�� ��â�÷ õ©ÿ�õ ø û
��� �#��ý)ÿ ã�ø�ø q � � â#�°ø
�¢ø õ©ÿéü ø�÷�ã�ø
��� â û ø ÿ�ü ø û�õ ¾�ø ý��/ÿ�ü ø¸ø �kÿ ø ÷ û � úN/�/	�W� � ÿ ã�ø û�ÿi$ � ���~ý<þ ø
� õ�� ��â�÷ õ©ÿ�õ ø û
ý�� û�õ ¾�ø r & -�/P��-�/"�#� �e� ÿ Ã�� /�/��#� þ ���)ø � ø ��ö)ÿéü�ûi$bÿéý �1� û�û:õ��2ÿéýzÿéü øHEJ�<â�÷éø þ � ÿ ø�÷ I°ù8
ªü ø�÷éø û â �©ÿéû
�)÷�ø �°ý�� ø ÿéü ø � ø û�û �)ø�÷ � â û ø � â � � û �{� ý�� �#�)÷ õ©ûéý��¦ÿéý�ÿéü ø � ø
� û â°÷éø � ø �2ÿ ÷éø û â �kÿ�ûY� ÷ ý���
 ø û�ÿ� � ù

[ � ���W� õ©ÿéõ~ý��ëÿ�ý�ÿ�ü ø���â°÷ õ©ÿ2��ý0�¯ÿ�ü ø þ � ÿ ø�÷ �xÿ�ý ã�ø���ã � ø ÿ�ý � ý�� �1�)÷�ø ÿ�ü øz÷éø û â �kÿ�û.� ÷ ý�� " ý ÷éø � ÿéý
ÿ�ü øî÷�ø û â �©ÿ�ûgý ã ÿ � õ�� ø
� � ÷ ý��Lÿ�ü ø � ø�� û â�÷éø � ø �iÿéû�þ�õkÿ�üA
 ø û�ÿ< � � �0�)÷ õ~ý â ût� �0� ÿ�ý ÷ û.� ø�ø�� ÿéý ã�ø ÿ ��=�ø �
õ��2ÿéý ���
� ý â �2ÿ�B�õ�� �1�)÷ ÿéõ ��â � �)÷ ÿ�ü øS� ý�� � õ©ÿ�õ©ý���û�ý��=û � �©õ���õkÿ2���2ÿ ø � ��ø�÷�� ÿ â�÷�ø�� � �K��÷�ø û�û â�÷�ø�� ûuþ ø ��� � û
ÿ�ü ø � ��� ÿéý ÷Y� õ�� � ò ù�-xù©ú<¿ ��� ù1-�-�$�þ�õ���� � á�ø
� ÿ ÿ�ü øX��� � â�ø ûªý��!ÿ�ü ø � $ û �
� ÿéÿ ø�÷ õ���ö � ý øuzV� õ ø �iÿ�ù.
ªü ø
õ�� �1��� ÿ�ý�� ø���� ü@ý��=ÿ�ü ø û ø õ~û ø û#ÿ�õ�� � ÿ ø
��ã�ø �~ý<þ�ù
�2�C�*���e�5�7�u�o�]�J�\�!�G���5�J�x�����*���i���J�"�����u���<�J���e�*���G�<�J���6�����e�*�o���8�i�8�x���*�G�6�!�7���G�v�G�*�u���]�3�]�e�v�*���" _¡�¢G£ ¤�¥4�N�G¦��G�N§
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ªü ø4��÷�ø û ø � � ø ý��±û � �©ÿbõ��¡ÿéü ø þ � ÿ ø�÷ þ � û8�åý â � � òvú�À�ôxÿéý�õ�� ��÷�ø�� û ø ÿ�ü ø � $ û �
� ÿéÿ ø�÷ õ���ö � ý ø�z{� õ ø �2ÿ
ã �>ú	¿ &  � RU�åý ÷ û � �©õ���õkÿ�õ ø ûgý�� Ã  3¿�y & y2y ù�ð ÷ ý�� ÿéü ø û ø�÷éø û â �kÿ�û��/ÿ�ü øX���#�°÷ ý�q/õ�� � ÿ ø�÷7� ��ö ø ý0� ø q ��ø
� ÿ ø
�
�0� � â°ø û�ý��=ÿ�ü ø � $ û ��� ÿéÿ ø ÷ õ���öA� ø �°ö)ÿ�ü@ý�� EJ��â�÷�ø I�û ø
� þ � ÿ ø ÷ õ©û ��� � �Zâ � � ÿ ø���� ûîÀ30 & ú*-3À:�@ù


ªü ø � ø�� û â�÷éø � ø �2ÿ ÷�ø û â �©ÿ�û ��ø û ��÷ õ ã�ø
�*ã � " ý ÷�ø �!þ ø ÷éø ý ã ÿ � õ�� ø��m� ÿ � ÿ�� ý3û � ü ø ÷ õ �P��÷�ø ûéû â�÷éø �
� ý�� �1��÷éø
� ÿéýYÿ�ü øT�°÷éø û�û â�÷�ø ý��:- � / � ÿ�� � ÿáÿ�ü ø î ÷�
 î������ û�õ©ÿ ø � � � �©� ÿ¦ÿ ø � ��ø ÷7� ÿ â�÷éø û¦ý��
ú<¿ & -30�y $ �Xý�� �N�)ø�÷�� ö ø ¿°ù � y $ � �)÷ ö ø�÷ ÿ�ü � �8ÿéü�ý3û ø ý ã ÿ � õ�� ø
� þ�õkÿ�üd
 ø û�ÿ� � �e� ÿ�úN °ùkúNy $ $yùC
ªü øA��øx&
��ø � ��ø � ��ø ý��±ÿéü ø � $ û �
� ÿéÿ ø�÷ õ���ö � ý øuz{� õ ø �2ÿ â#� ý��¢ÿ�ü øY�°÷éø û�û â�÷�ø	� � � ÿ ø � ��ø ÷7� ÿ â�÷éø þ � û � � � ���xû ø��
õ�� �°ø ÿ � õ�� ã �^ª�ý = ý ÷ õ���9 � ü�õ�� ÷ õ���ò�0 ) ôÐù î � � õ ÷ ���A�~õ�� ø���÷4��ø���ø � ��ø � ��ø4â#� ý��¦ÿ�ü øS��÷�ø û�û â�÷�ø þ � ûªý ã'&
û ø ÷J�)ø
� �|� ø��0� õ���ö�ÿéý ����ø���÷éø
� û ø õ���ÿ�ü ø û ��� ÿ�ÿ ø ÷ õ��°ö � ý øuzV� õ ø �iÿ ã � ���#�°÷ ý�q/õ�� � ÿ ø ���H /ù10�R  ã�ø ÿqþ ø ø �
ú � � � - � / � ÿ��£ù>
ªü ø � $ û ��� ÿ�ÿ ø�÷ õ���ö � ý ø�z{� õ ø �2ÿ�þ � û:�åý â � � ÿ�ý ��ø���÷�ø�� û ø����#��÷ ýNq/õ�� � ÿ ø �O� ã �
Ã  _R � þ�ü�õ � ü �
� � � �~ûéý ã�ø	��� � �Zâ � � ÿ ø�� � ÷ ý�� � ò ù'-/ùv-�$8�åý ÷ ÿ�ü ø���ø���÷éø
� û ø õ��ëÿ ø � ��ø�÷�� ÿ â°÷éøzã�ø ÿqþ ø ø �
ÿ�ü ø � ø�� û â�÷éø � ø �2ÿ�û?� ÷ ý�� " ý ÷éø � � � � ÿ�ü�ý)û ø þ�õ©ÿ�üA
 ø û#ÿ< � ù ; ý)ÿéü�ÿéü ø	��÷éø ûéû â�÷éø"� � � ÿ ø � ��ø�÷7� ÿ â�÷�ø
��ø���ø � ��ø � ��ø{��� � ã�ø)â � �°ø�÷ û#ÿ�ýxý �+ã �m�°ý)ÿ�õ���öáÿ�ü � ÿ � �8õ�� ��÷�ø�� û ø õ�� �°÷éø û�û â�÷�ø{� � �d�^��ø���÷éø
� û ø õ��
ÿ ø � ��ø�÷�� ÿ â°÷éø�ã ý)ÿéü ÷�ø
��âW��ø ÿ�ü ø{��ø �°ûéõ©ÿ2�dw âW� ÿ â#� ÿ�õ©ý���ûZ�!þ�ü�õ � ü �)÷�ø ø q ��ø�� ÿ ø�� ÿ�ý ã�ø ÿéü ø � �)÷ ö ø û�ÿ
� ý��iÿ ÷ õ ã�â ÿ�õ©ý���ÿ�ý � $ û �
� ÿéÿ ø�÷ õ���ö¡õ�� � � ø��)÷ þ � ÿ ø ÷ û�ù.
ªü ø ý �3ø ÷7� ��� ø�á¯ø�� ÿ�õ~û�ÿ�ü â û�ÿ�ýÝõ�� � ÷éø
� û ø ÿ�ü ø � $
û �
� ÿéÿ ø�÷ õ���ö�� ø ��ö)ÿéü ã � ÃP) ùA¿_R����xõ ø � � õ���ö�ÿéü øªø q ��ø
� ÿ ø
��÷7� �°ö ø ý�� �0� � â°ø ût�åý ÷ ÿéü øAEJ�<â�÷éø I�þ � ÿ ø�÷ � $
û �
� ÿéÿ ø�÷ õ���ö^� ø ��ö�ÿ�ü � ÿîÿ�ü ø û � �©õ���õkÿ2��� ��÷éø ûéû â�÷éøA� � � ÿ ø � ��ø�÷�� ÿ â�÷�ø:� ý�� � õkÿ�õ~ý���û � ÿ�ÿ�ü ø î ÷�
 î������
ûéõkÿ øP� ûz¿�/ & úN ) �@ù

î ø � � � â � � ø�÷ ÿ � õ��2ÿ2�%� ø�ø�� û ÿ�ý ã�ø ÿ �0=)ø �-õ��iÿéý ����� ý â �2ÿ
B:ÿ�ü ø � ��� ÿ�ý ÷4� ù?
 ��= õ��°ö¢ÿ�ü ø�ø qxÿ ÷éø � ø û
ý���ÿéü ø ý ã û ø ÷J�3ø����0� � â�ø ûV� ÷ ý��«
 � ã � ø ú>ý��:ò|ú�À�ô ���x¬6­�® , /°.v/30 � � ���u¬6¯G° , /°.kú�0�$ � � �,â ûéõ���ö
� ò ù\-/ùkú<¿ �e� ù±-�-�$Ä��ÿéü ø � � q/õ�� â � â � ��ø ÷ ÿ � õ��2ÿ2�>þ � û �
� � ��â � � ÿ ø
�T� û,²¡ú)ú3.10�R � � �c³ À�R�õ��drf´0µx�
�xõ ø � � õ���ö�ÿ�ü øIø � � � ÷7� �°ö ø ý��.rf´]µ � û�ÀxúP�>¶nrf´0µT¶ ú �_) �@ù

ð�õ~ö â°÷éø À/ùv- ûéü�ý<þ�ûbÿéü øg÷éø û â �kÿ�û!ý ã ÿ � õ�� ø��:� ÿXÿ�ü ø î ÷�
 î������ ûéõ©ÿ ø õ���ÿ�ü ø}ä»å �åý ÷óã ý)ÿéüÝÿéü ø�?�â ���
ú ;3;);{� � � � ø
� ÿ ø � ã�ø�÷ ú ;3;3;,�#� ÿ � ù.
ªü ø�� ö ÷�ø�ø � ø �iÿ ã�ø ÿqþ ø�ø �>ÿ�ü ø¡?�â �O� � � � � ø�� ÿ ø � ã�ø�÷��1� ÿ � õ©û
�3ø ÷ ��ö3ýxý � ù6
ªü�õ©û�þ � ûgÿ�ý ã�ø�ø q ��ø�� ÿ ø
� û�õ�� � ø ÿéü ø � $ û ��� ÿ�ÿ ø�÷ õ���ö�� ø ��ö)ÿéü õ©û?��ý)ÿ ø q ��ø
� ÿ ø
� ÿ�ý �0�)÷ �
ûéõ©ö���õ ø1��� �2ÿ�����õ�� � � ø��)÷ � � ÿ â°÷7� �±þ � ÿ ø ÷ ûuþ�ü ø ÷éø ÿéü øX� ý�� ��ø �2ÿ ÷7� ÿ�õ~ý��¦ý��Xõ�� ��â°÷ õ©ÿéõ ø û�õ~ûuûJ� � ���¨ù3
ªü ø û ø
÷éø û â �kÿ�û �)÷�ø�� �~û�ý � ý���û�õ~û#ÿ ø �2ÿ�þ�õ©ÿéü�ÿ�ü�ý3û ø ý��îý)ÿ�ü ø ÷ � ø
� û â°÷éø � ø �2ÿéûZ� � �©ÿéü�ý â ö3üYÿéü ø î ÷�
 î������
� ø�� û â�÷éø � ø �iÿéûS� �N� ý â�÷ ÿéü ø¤â#�#��ø�÷�ø � � ý0��ÿéü � ÿ ÷�� ��ö ø ù:
ªü�õ©û ÷éø û â �kÿ�õ~ûX��ý-û â�÷���÷ õ~û ø ö3õ �)ø �8ÿ�ü � ÿ
ÿ�ü ø û ø�ø q ��ø ÷ õ�� ø �iÿéû ÷�ø �O� â#� ý�� ÿ�ü ø"��â�÷ õ ø1�
� ÿ�õ©ý���ý��¯ÿéü ø þ � ÿ ø ÷ �iþ�ü�õ � üáõ~û ��÷�âW� õ � �±õ�� ÿéü ø����
��â�÷7� ÿ ø
��ø ÿ ø�÷ � õ�� � ÿéõ~ý���ý0��ÿéü ø � $ û �
� ÿéÿ ø�÷ õ���öS� ø ��ö)ÿéü ù8
ªü ø�÷�ø � � ÿ�õ �)ø �O��� �)÷ ö ø4� ý ÷éø û�õ ¾�ø ý�� ÿ�ü ø�ø �kÿ ø ÷ û â û ø
�
õ��ëÿéü ø	��â�÷ õ ø1��� ÿ�õ~ý���ý0��ÿéü ø þ � ÿ ø�÷ � ø
���3ø û ÷ ýxý�����ý)ÿ�ý��#�O�:�åý ÷ ÿéü øY�3ø�÷ ��û�� � ���°õ�� ��â�÷ õkÿ�õ ø û ã<â ÿ � �~û�ý
�åý ÷ û �
� ÿéÿ ø�÷ õ���ö ��ø �2ÿ ÷éø û5� �)÷ ö ø�÷ ÿéü � �Kr & -�/ � ÿ�ü ø����#��÷ ý�q°õ�� � ÿ øzâ#�#��ø�÷ �~õ�� õkÿ8�åý ÷ � $ û ��� ÿ�ÿ ø�÷ õ���ö_$:ÿéý
÷éø � � õ��8õ��%ÿéü ø ûéý ��� ��� ø��©EJ��â�÷�ø Ièþ � ÿ ø ÷ � � � � ÿ�ü ø û ø � � ÿéÿ ø�÷X� ý â � � õ��iÿ ÷ ý ��â#� øA� � â � = ��ý<þ	� ã�â ÿ
ÿ�ýáû�� � ��� ø�÷ r�´]µJûG�xû�ÿ ø � � ÿ�õ � ûéü�õO�Ùÿ	ù�
ªü�õ~û ø�á�ø
� ÿ�õ~û���ý)ÿ �°÷éø û ø �2ÿ�õ��£ÿ�ü ø � ø
� û â°÷éø � ø �2ÿéûX� �0��ø:� ÿ
ÿ�ü ø î ÷�
 î������ û�õ©ÿ ø û�õ�� � ø ÿ�ü ø � � ý���ý)ÿ ÷�ø ��� â#� ý��8ÿ�ü øA��â�÷ õ ø1�
� ÿ�õ©ý��8ý��gÿ�ü ø þ � ÿ ø�÷V��� � � ÿéü ø �
ý��#�O�¦õ�� � � â#��ø ÿ�ü øP� ý��2ÿ ø �iÿîý��=ÿ�ü øS�)ø�÷ �-ûJ� � ��� õ�� ��â°÷ õ©ÿéõ ø ûuõ��èÿéü ø�÷éø û â �©ÿéû�ý��?rf´]µC$'ù

ð�õ~ö â°÷éø À/ùv Jûéü�ý<þ�ûáÿéü ø%÷7� ��ö ø ý0��r�´]µñý ã ÿ � õ�� ø
� þ�ü ø �
ÿ�ü ø/â#�#��ø�÷ �©õ���õ©ÿ�ý���ÿ�ü ø%÷�� ��ö ø ý��
�0� � â°ø û	�åý ÷ r�´]µT� ÷ ý��Gÿéü øcä»å·� � ø�� ÿ ø � ã�ø�÷ ú ;3;3;H�1� ÿ � $ õ~û ø qxÿ ÷7��� ý�� � ÿ ø
� ÿ�ý�ý)ÿéü ø�÷ þ �N�)ø � ø ��ö)ÿéü�û
â û�õ���ö{rf´0µQ¸�r!¹»º7¼ ½2¾ � � � ÿ�ü ø �~ý<þ ø ÷ �~õ�� õkÿ�ý��!ÿ�ü � ÿ ÷7� ��ö ø1â ûéõ���ö{rf´0µ>¸�r!¹»º7¼ ¿���� ÷éø���÷éø û ø �iÿéõ���öëÿéü ø
ø qxÿ ÷éø � ø ûzý��=ÿ�ü ø þ ���3ø � ø ��ö�ÿ�ü �°ø
��ø � ��ø � ��ø���ø�÷ õ �)ø
� õ�� � ø
� ÿ�õ©ý��m-xùv °ùkú3ù
¥GÀ>���v�4�v���x�!�����e�*�o�!�J�x�	Á��8�uÁN�Â�x�v�*�J�<�����u�p���*�3�<�J���e�]���J�4�J�
���f�u�»���]�3���e�u���*�J���Y�x�������<¦*���������vÁ*�o�v�o��Ã5�v�8ÄÆÅiÇiÈ��u�]�
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 [m]SC
Ïλ
Ð0

Ñ
20 40 60

Ò
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Ó

100 120 140 160 180 200

ANTARES: September 1999
ANTARES: July 1999
Ô
Range of values from other

measurements (see text)

SC scattering lengths (UV, 374.5 nm)

Mon Sep 30 01:33:20 2002
Õ

Ç�È~É|Ö�Ê
×%Ë|ØOÙ#ÚSÛ Z
ÍNÜéÕ)ÑæÑ�ÝuÞyÒ~ßx·èÔ�Ýußx·)Ñ�à2Í�Õ)ÑªÑ~à1Ý�¶�Ö ×i¶�Ø ² Û Í'ÒÙÑ�ÝsÚªÕ)ÑzÕ£Þ'ÝqÏ�Ñ~à_Î+µ:á<º¯¹2¹ ê
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r jz}bn f�g j r j�h)B�i g �%j c � WrBCj t�dbr j g �%j _��`� g�r nq}b}bj r��
c �%j�kOB f j o m�j d�t �%n g�f n o£r j�}bn dbo [ ��d�t$g �%j f[w jzm g�r A { ��B%n o%f� ~g�d L�¤ � n f jI¥ w p?k�n o j�h�Byi g �%j

t k�m g¦g �|k g N_h\A%j g�d�g �%jYh%j�k�h g n { j��§k�p?n g[g pqj�pqj f[f¦g �|k o¨� m�p d m	x©mziSm�pqj f	�ld�t2g �%j c � W BCj g&u jzj o
g&u)d m d�o%f jzm A g nq�bj©�%n g�f N g �%jÞa r[f[g �%n gªg�d BCj r jz}bn f�g j r j�h«n o¬g �%j f j�m dbo h r j�}�n f[g j r m db{ j f k tFg j r
­&®�¯I°P±e°P²X³�°C°V²´±/°Pµ·¶$±e¯I¸y°P²´±_¹Aºs»~°P¼Vµ¾½z½I±�¼L¼V±�½Iµ�¿§°P±�¼V±[À$Á�Â$°V²´±_ÃÄ»�ÅYµ�¿3ÀNµ¾Æ�±[¼P±[Çz°L¸�¼V¯I¶�°P²X±�°Vµ¾¶$±_³	°3ÈÄ²´µ�ÉÊ²�°P²X±¹SºC»e¿L³�¼V±ÄË´Ì´Í�¿P±[À�ÎN¿Pµ¾ÇXÉ�±Ä°P²X±/¿Pµ¾½zÇX³�Í´°P¼Vµ¾½z½I±�¼Vµ·Ç´½�°P²´±/¹SºC»e¿C¶�ÌX¿§°Ï°V¼V³�Ðz±�Í´°V²´¼V¯IÌ´½z²2Ñ�Ò�¶�¯�¸y±[Í¾±�É&°P¼Vµ�É�³�Í�É�³IÁ´Í¾±�Á�±�¸�¯I¼V±Ë´Ì´Í�¿Pµ¾Ç´½$°V²´±`¹SºC»e¿[ÓÔ Ã3²´µ�¿Ï¸�±�³	°VÌ´¼P±�ÈL³z¿Ï±�Í·µ·¶Õµ·ÇX³�°P±[À"¸�¯I¼C¿P±�°VÌ´ËX¿LÖ�³�ÇXÀ�ÅØ×qÃA³IÁ´Í·±�Ù´Ó·ÚIÎ�ËyÓ�Û�Ü�Ý|Á�Â$¼V±�¶$¯	Ð�µ¾ÇX½�°P²´±/¹Sºs»~°P¼Vµ·½I½I±[¼sÉ�³IÁ´Í·±¸�¼V¯I¶Þ°V²´±_µ·Ç´Ë´ÌN°Ä°V¯)°V²´±`ÃÄ»_Å*³IÇXÀ�¼P±[½Iµ�¿�°V±�¼Vµ¾Ç´½)°P²X±�ßX¼V¿§°Ä±�Ðz±�Ç�°Äµ¾ÇX¿§°P±�³IÀ�Ó
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k w%w!r�d ¥An { k g jzpqi)EKE o%f ��m dbr[r j f�wsdbo h%n o } g�d B%n o L�¤ � N^Bsj�m�kFA f jän g�{ A f�g o jzm�j f[f k r n?pZi4Bsj w%r jzm�jzh%j�h
B�i~k f n?} o k�p¨a|pqp?n o } g �!jSa r�f[g2r j�}bn f[g j r"d�t/g �%j c � Wå� � �hP �
c �%j f p?nq}b� g�f p dbw j u �!n?m	��k w%w j�k r[f n oªg �%j g �!j u �%n g j�v o%d n f j f[w jzm g�r A { n f k g�g�r n`B\A g kOB%pqj g�däg �%j

f n o }bpqjIv&�!n g)o k g A r j d�tÄg �%j c � Wæ�§k f h%n f m A f�f j�h~n o*� jzm g n dbo E �·�b� N u �%nqm	� t k�� d A r�f j�k r pqn?j r �%n g�f$d �bj r
p�k g j r �!n g�fz�`c �%jlk {.d A oyg B�i u �!n?m	� g �%j�h%j g j�m g n d�o�r k g j d�t j�k r p?nqj r$w � d�g�dbo!f n f p�k r }bj rÕg �|k o*g �|k g
d�t p�k g j r w � d�g�dbo!f h%j w j o h f A wsdboçg �%j d �bj r k�pqp g�r n?}b}�j r�r k g j d�t�g �!j c � Wè�§n � j � A wsdbo�g �%j+jz��j o�g
r k g j ���
� d�rLg �%j_h%k g k f � d´u�o'dbo g �!j r n?}�� g v&�|k o h w p d�gÄd�t �/n?}OA r j®E �q� � w3� LKJ � NXk�h!nCHCj r j o�g m dbo a%}KA r k g n d�o

u k f A f jzh«�§m dbr�r j f�wsdbo h!n o } g�dØg �|k g¦d�t�f j g A w%f+¢ k o hÚW ��� P o pZi g �%jª�ÓR cég�r n?}b}�j r m�kOB%pqj u k f
m d�o%o j�m g jzh g�d¦g �%j c � Wê� g �!j m�kOB%pqj t�dbrÕg �%j g�r n?}b}�j r$f n?} o k�p t�r�d�{ëg �%j _���� f$u k f h%n f m dbo%o jzm g jzh �
k o h g �%j a r[f[g �%n g¦u k fär j�}�n f[g j r j�h � � r�db{ìg �%j w!r jz�Sn d A f h%n f m A f�f n dbo%f N g �%n f jI¥ w p�k�n o%flu ��i-�%n g�f
k r j d B f j r �bjzh�n o B%n o%f� �g�d L�¤ u n g � g �%n f m d�o a|}KA r k g n dbo3�$c �!j f pqn?}b� g jI¥Amzj f�f�d�t jz��j o�g�f n o*g � dbf j
B%n o%f�u k f k g�g�r n`B]A g jzh g�d k f�{ k�pqp2jzp?jzm g�r[dbo nqm�h%j t jzm g N�m�kFA f n o } g �%j c � W g�dír j�}�n f[g j r k {�dbf�g
f nq} o nIa|m�k o�g B%n g k f dzj r[d�u �%j o n g�f � d A%pqh£�|k���j Bsj�j o£o%dbo v.d�j r�d�t�d�r k w%w%r�d ¥An { k g j�pqi  !�¾��îïd�t k�p?p
jz��j o�g�f NÇA o n t�dbr[{ pZi�k�m r�d�f�f"g �%j f[w jzm g�r A {~�
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c?i j�h!j g jzm g�dbr A f j�hýn o¨gji j { j�k f A r j { j o�g�f�d�t�gji j~p?n?} iygäg�r k o!f�{ n f�f n dboÞw%r[dbw j r[g n?j f k g+gji jkFl c k;m � � f n g j2�onen?}KA r j ¢��Z�´� n f k �>p K K h!n�k { j g j r3w%r j f[f A r jIv r j f n f[g k o�g }�p�k f[f3f�w�i j r j��rq mUs �%��t�u n gji
k gji n?m	x o j f�f d�tSuä�>v.{�{����ÊgFi%d A f j f k �b .{�{ h%n�k { j g j r qXw c0u n g�i k'x%n�k�x�k�p?n w�i%d�g�d m�k gji%d h!j
� � c`y v�z �´�*vb� k �I�Ïc?i n f�g A5xCj'n f }bp`A!j�h g�d�gji j-q m?s � x�i { j�k o%f�d�t�d�w!g nqm�k�pqpqi { k g m i n o } f nqp?nqm dbo j
r A5x�xCj r }bjzp t�r�d�{0� k�m	x�j r|{z�ec?i j�k o }KA!p�k r j~}�m�nqj o mIi d�t|gji n f q m?s � n f/o!d�g x o%dNu�o xCjzm�kOA f j d�t|gji j
w%r k�m g n?m�k�p�h!nY}�m A%p g nqj f k f�f[d mzn�k g j�h u n g�i£{ j�k f A r n o }�n g n o©u k g j r k o h u k f�g�i j r j t�d�r jYm db{�w A g jzh
u n gji w�� f n { A%p?k g n dbo%f��¬c?i j g kNx]A%p�k g j�h r j f A%p g�f.t�r�d�{ gji j f j f n { A%p?k g n dbo%fäu j r j4A f j�h¬n o�gji j
k o k�pqi f n f"d�tegji j c j f[g�� K h|k g k �
c?i j�kN��j r k�}bj w�i%d�g�dbo h%j g j�m g n d�o j|}�m�n?j o mzi k g j�k�m i k o }�p?j u k f�f n { A%p�k g j�h n oä�/�Äf[g j w%f xCj g&u jzj o

  k o hdz   � u n g�i¬r j f[w jzm gªg�d�gji j o%dbr[{ k�p g�d�g�i j8qXw c w p�k o j � n dbr j�k�m i k o }bpqj t k w k r k�p?pqj�pxsj�k { d�t�w�i%d�g�dbo%f�d�teg�i j f k { j�h%n?k { j g j r k f"g�i jZq m?s � �rn/n?}OA r j ¢����b�Õu k f2f n { A%p�k g j�h*k o h gji j
k��bj r k�}bj o A { xsj r"d�tew5i%d�g�d�o�i n g�f$u k f"r j�m dbr h%jzh ��¢ j�m�kOA f j gji jOxsj�k { m d �bj r�f�g�i j j oyg n r j f�w�i j r j t
k o i r j t�r k�m g n dbo!f k o h r j|�|j�m g n d�o%f�gji k g m d A%pqhØp?j�k�h g�d.gji jlh%j g jzm g n dbo�d�t`w5i%d�g�d�o%f � u`i n?m iØu)d A%pqh
d�gji j r�u n f j o%d�gDi kN��j r j�k�m i j�h gji j�qXw c2�Õu j r j g k�x�j o n o�g�d k�m�m d A o�g��n d�r j�k�m i k o }bpqj tGv%�ý�� *�lw�i%d�g�dbo%f�u j r j r k o h db{ pqiçm i!dbf j oÞt�r[db{ u n gji n o©g�i j<xCj�k { m r�dbf[f
f jzm g n dbo#d�t'r k�h%n`A f'��t x�iýh r k u n o } t�r�d�{ k�� � h%n f[g�r nVx\A g n d�o g�díf k {.w p?j4A o n t�dbr[{ pZi d ��j r�gji j
f A r[t k�mzjYk r j�k � � k�m i£d�t)gji j f j w5i%d�g�d�o%f'u k f�w%r[dbw k�}�k g j�h g�d*g�i j d A g j r'f A r[t k�m�j d�t)gji j f�w�i j r j �
c?i jäm dAdbr h%n o k g j f�d�t_g�i j wCd n o�g�d�t n {.w k�m g k f�u jzp?p/k f�g�i j+k o }bpqj d�t n o m�nqh%j o mzj u n gji�r j f�w j�m g g�d
g�i j o!dbr�{ k�p g�d+gji j f�w�i j r j f A r[t k�mzjlk g"gji j wCd n o�g�d�t n {�w k�m gÕu j r j'm�k�pqm A%p?k g jzh �
­7�Ä±�¸�±�¼V±�ÇXÉ�±h�Nµ¾Í��/±�ÍE�XÚj�S�.��ÖeÎP�l³zÉ��I±�¼o�§ÅC²´±�¶$µ·±G�/¶)ÁP�`ÎP�e³�ÇX¿r����±�µ�ÀN±�Í����ÏÍ�³	°o�/ÛXÎ>�XÚ�Ü�Ù�Üh��Ì´Ç´µ�ÉÊ²yÎ]�/±�¼V¶"³�Ç�ÂIÓ

�´�*p
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<)=q>!@sB
×'§�Ø�¨E©0ª ã|G�«SGIE�G2¡IE&KXOa¬S­ àFJ¢¡	KXO�¥|KXO[U�EPàFJE�YUa� ªM® H�¯#°N±E²]¤��´³�µ+RäR·¶
­ ª â�KXO ª G	MIES³ K ]
ced g k�x�j�n o�g�d k�mzm d A oyg`gji j$A o%wsd p�k r nV¸zj�h o k g A r j d�tsg�i j"p?n?} iyg�f�d A r m�j d�tsc j f[gÕ� K tbgji j w�i%d�g�dboM¹�f

f[g k g j d�t/wCd p?k r nY¸�k g n dbo�u k f2r k o h db{ pqi�m i!dbf j oMtCu n g�i k v� bî w%r�d x%kNx%n?pqn g i d�t xsj�n o }�j�n gji j r n oªgji j
w k r k�p?pqj�p dbr_w j r�w j o h!n?m A!p�k r_f�g k g j ��c?i n f_u k f n {�wsdbr[g k o�g xsj�m�kFA f j d�tsg�i j�h%n�ºLj r j o�g�r j|�|j�m g n dbo k o h
g�r k o%f[{ n f�f n dboäw%r[d x|kNx%nqp?n g n?j f k g_g�i j$��k r n d A f n o�g j r�t k�m�j fLt k f�u j�pqpÏk f�g�i j"h%nYºCj r j o�g qSw c h%j g j�m g n dbo
j~}�mzn?j o m�n?j fLt xsj g&u j�j o�g�i j w�i%d�g�dbo%f"u n g�i h%nYºCj r j o�g2wCd p�k r nV¸�k g n d�oYf[g k g j f��
c?i j w�i%d�g�dboM¹�f�u k���j�p?j o } gji+u k f`r k o h db{ pqi�m i%d�f j o+t�r�d�{êgji j f�d A r m�j ¹¾f_u k��bj�pqj o } g�i+f�w j�m g�r A {

�onen?}KA r j �A�»v�tSw3�E¼���� k o h gji j r j t�r k�m g nq�bj�n o h!jI¥ d�tÄg�i j u k g j rLt m dbr�r j f[wCdbo h%n o } g�d n g�f`u k���j�p?j o } gjiMt
u k f h%j g j r�{ n o jzh t�r�d�{ �h½ �!�A�·��� � w3�S�#vb���h¾�f n o } g�i j r j t�r k�m g nZ�bj2n o h%j�¥ d�t3gji j�}�p�k f[f�f[w�i j r j+� �b��¼#p
t�dbr�gji j u k���j�p?j o } gji£r k o }bj �� b À¿(Á�¿ ¤  b �o%{ÃÂ¾�� PÄ�� k o h g�i j r j t�r k�m g nq�bjän o h%j�¥ d�t`g�i j u k g j r~t
g�i j g�r k o!f�{ n f�f n dbo*w%r[d x|kNx!n?p?n g i.k g"g�i j u k g j r vÊ}bp�k f[f n o�g j r[t k�mzj u k f m�k�p?m A!p�k g j�h t�r�db{ÅÂ�p]¦>Ä
Æ[Ç
ÈÊÉ
ËIÌ�Í~Î]Ï/ÐLÌËIÑ^Í~Î]Ï/ÐLÑ|Ò �ÓÉ � ËgÑ�Í~Î]Ï/ÐLÑËIÑ^Í~Î]Ï/ÐLÌeÔÕËIÌrÍ|ÎNÏ/ÐLÑ�ÒfÖ k o h � ¢��q�N�

Æ¢×ÀÈØÉhËgÌrÍ~Î]Ï/ÐLÌËIÑ�Í~Î]Ï/ÐLÑ|Ò �(É � ËgÑ�Í|ÎNÏ/ÐLÑËIÑ�Í~Î]Ï/ÐLÑ�ÔbËIÌrÍ|Î]Ï>ÐLÌ|Ò ÖÚÙ � ¢������

t�dbr�gji j w k r k�p?pqj�pek o h w j r[w j o h%n?m A%p�k r�wCd p�k r nV¸�k g n d�o�f�g k g j f d�t`g�i j w�i%d�g�dbo%f r j f�w j�m g nq��j�pZi tÄu`i j r jËIÑ k o h ËgÌ k r j g�i j r j t�r k�m g nZ�bj�n o h%n?mzj f"d�t�g�i j { j�h%nCA { d�tegji j n o mzn?h%j o�g k o h d�tegji j g�r k o%f�{ n g[g jzh
w�i%d�g�dbo�r j f�w j�m g nZ�bj�pZi t k o h g�i jäk o }bpqj f k r j u n g�iØr j f[w jzm g�g�dYg�i j o%dbr[{ k�p g�dYg�i j f A r�t k�m�j+k g�gji j
n o�g j r[t k�m�j �
c?i j w�i!d�g�dbo�u k f)g�i j oYr j t�r k�m g j�hªk o h w%r[dbw k�}�k g j�hfA o�g nqpsn g�r j�k�m i j�h gji j2}bp�k f[f vÊ}bj�pÏn o�g j r[t k�m�j �Û o m�jlk�}�k�n oMt|g�i jlk o }bpqj d�t n o m�n?h!j o mzj u n g�iØr j f[w jzm g�g�d.g�i j�p d m�k�p o%dbr�{ k�p u k f m�k�p?m A%p�k g j�h �"c?i j
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Discrete distribution: sampling methods
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Analytical model and Monte Carlo simulations
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