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³ d�lR��o x lR�Df�y�l7e1��oFl:½�mJl	eJ`�o�e x oF�/fb��Dl:mJoC�

Æ-��mgf�n:oI��ÄDb�d�egf�Ã	µoFl:½�`�b�`�dzf��Ff�b���l7mJ`�Ç	fIÃ7µo/��e�®7y�`�f x lºn7f x f�l7��l7�Fl7�Im�oWn:oI�D��m�`¿m�d�u
mJ`�y�o x l3�Eo�e��/f ³ d�lAo�n7f�F��o�eJl���dD�¿mgf�Im�lA��l���f/��o��Fo�bI®7��l	oF��o�`c� mJl7e�`�o�e x o�n:`��c`�� x e�o�l
x `��F`c��dDfWegf�D` x f��Fl7�Im�l#�Do<l:½�mJl	eJ`�o�e´lºe�l ³ d�l	eJ`�dÈf<��dCfWn7o��Kfb�l	�^�Jl7e´�El7`cm�fOn:o��^�Eo�egÃ7f
�Jd�ÄCn:`�l7� mJl��Dfegf#e�l	�J`���mJ`�e1Åºe�l7��d��K��µo x l x o�`K�Pl7��l7�Fl	�ImJo �Py�`�Ç7`�����oI�	�

�P��� ��É�Ê�ÉI¥�£8���HËq£Ì¥�£8��§�¦�Ëq£ÌÍ�¦P¦
j+l	��mJ`��Df6u���l1fo x `K���Df�eJoF{EmJe�`cbIb�l7e)� x oR�DeJ`��Fl7`�eJo´���Kf�DoD��Å´�Fl x ` x f x o´mJl	�º��o x l1y�o�o´l1Å
�Fl x ` x f x fA��l7e x f x l+l	��l7e�b�`Kf��Il+®´n:oI�F��oI��mJoA�CoIe ³ dDf6m�e�o3���Kf��o � x l´n:`��Im�`���f x o�e�l	��l7�
³ d�l x o�`K�+l���mgµo<��`cmJdCf x o �+fIn:`��/f�l x oI`��Rf¾Df�`¿½�o x o x l7mJl	n:mJoIe x l#mJegf6��l	n:mJ��e�`Kf��	�3�;f x f
���Kf��o3l	�Dn:oI�ImJegf6u��Jl1�Jd�¾ x `�y�` x ` x oAl7�©m�`cegf�� x l+n7`c� mJ`���f x o�e�l	� x lAhqn:� x l¤l�����l��J�Jd�egf´oIeJ`cu



Î7Ï Ð�ÑIÒ�Ñ�ÓZÐgÑÏ ÐJÔºÓ�Î	Õ�Ö�ÏDÒ�ÔA×�Ø�Ù:ÔIÚºÔ#ÓJÎ7ÕIÖ�ÏDÒ�Ô3Û�Ø�Ò�Î+Ú/ÑÏ�Î	ÜcÝgÑ3ÑAÚFÎ	Ò�Ü�Ý;Ö�Ú/Ñ#Ù:Ô�ÔIÝ�Ò�Î	ÏDÑ�Ò�Ñ
ÐJÝ�ÜKÒ�ÜcÚFÎ	ÏDÓ�Ü�Ô�ÏCÑÞ�Ù:ÔIÚ·Ö�Ú/Ñ3Ý�Î	ÓJÔ�Þ�ÖDß	àÔ3Ò�ÑAÔ�ÝgÒ�Î7Ú�Ò�Ô#Ù7Ú·Ï�Ô#Ü�Ï�á�Ù7ÜcÔ#Î+Ï�Ô3âCÚ�Ò�Ñ3ÐJÝgÑ6ã�Î	Ù:ä
ÐJåIÝJÜKÑ�ækçqÓPÐ�ÜcÝgÑ�ÓPÎ	Ó�Ð�à�Ô#ÐJÔ�Ò�Ñ�ÓPÞ�ÜcÕ Ñ�Ò�ÑIÓ;ÑFè#éEÔ�ÐJÔIÚAÖ�Þ¿Ð�Ü�ê�ÞcÜKÙ7ÑIÒ�Ô�Ý�Î	Ó;Î	ÚëÙ7ÑIÒ�Ñ#Î7Û�ÐJÝ�Î7ÚFÔDæ
ç|Ý�Î	ÓJÔ�Þ�ÖDß7à�ÔRÕ�Ý�ÔIÓ�Ó�Î	ÜcÝ�ÑRÒ�ÑIÓ�Ù:Ô�Ô�ÝgÒ�Î7ÏDÑIÒ�Ñ�Ó¡ÔIì�ÐJÜKÒ�Ñ�Ó�í¤Î�ÓJÓJÎ7ÏDÙ7Ü�Ñ�ÞDêDÑÝgÑRÔAÓJÜ�Ó�ÐJÎ	Ú/Ñ3Ò�Î+Ò�Ü�Ó�ä
êDÑ�ÝJÔ¬î�Ð�ÝJÜ�Õ�ÕIÎ7Ý)ïqÒ�ÔOçqðtñ�äwòDó�Ø�ê�Ô�ÜKÓ´Î	Ó�Ð�ÑWÜcÏ�é�ÔIÝJÚ/ÑIß7àÔWí#ÐJÝgÑ6ÐgÑ�Ò�Ñ�Ï�ÔWÐ�Î7ÝgÙ:Î7Ü�Ý�Ô�Ï�á�ô�Î7ÞZÒ�Ô
ÓJÜ�Ó�ÐJÎ	ÚFÑFÒ�Î3Ò�ÜKÓ�êCÑÝ�Ôºõ Ö�Î3Ò�Î	Ù7Ü�Ò�Î�ÓJÔ�ì�Ý�ÎRÑFÑIõIÖDÜ�ÓJÜ�ß	àÔFÒ�Ô/Ñ�Ù7Ô�ÏIÐ�Î	Ù7ÜcÚFÎ7Ï ÐJÔ/Ù:ÔIÚºêDÞcÎ7ÐJÔDæ
çXÎ	ÓJê�Î	Ó�Ó�ÖDÝ�ÑÈÒ�ÔIÓFê�Þ�Ñ�Ï�ÔIÓFÑ�Ó�ÓJÎ7Õ�ÖDÝ�ÑzÖ�Ú/ÑÈÚAÖ�ÜcÐJÔ¬éEÝgÑ�Ù	ÑÈÒ�ÜKÓ�ê�Î7ÝgÓ�àÔ¬Ò�Ñ¬Ò�Î	êCÔ Ó�ÜKß7à�ÔÈÒ�Î
Î7ÏDÎ7Ý�Õ�ÜKÑºÎ#Ò�Î	ô�Î7Ý�Ü�ÑºÐ�Î7Ý+ê�Î7Ý�ÚºÜcÐ�Ü�Ò�Ô�Ö�Ú/Ñ/ÚFÎ	Ò�ÜKÒ�Ñ�ÚAÖ�Ü¿Ð�Ô�ê�ÝJÎ�Ù:ÜKÓJÑ�Ò�Î | ö | ØCÎ�Ó�ÐgÑÏDÒ�Ô�Î	Ó�Ð�Ñ
Ù:ÔIÚAì�Ü�ÏDÑ�Ò�ÑºÙ:ÔIÚ�Ô#Ð�Î7ÚFê�Ô/Ò�ÎRô�Ô�ÔD÷�Ü�Ï�éEÎ7Þ�Ücø	ÚºÎ	ÏIÐ�Î�Ø�Ö�Ú¶ê�Ý�Ô�ì�Þ�Î7Ú/Ñ#Ò�ÎRÓ�Ñ6Ð�Ö�ÝgÑ�ß7à�ÔAÓJÔ�ìDÝJÎ
Ñ�Ó;Õ�ÝgÑÏCÒ�Î	Ó-Î7Ï�Î	ÝJÕIÜ�ÑIÓ�Ü�ÚFêCÎ�Ò�Ü�ÖWÔFÓJÎ7Ö<ÑêDÝJÔ6ô�Î7ÜcÐ�Ñ�ÚºÎ	ÏIÐ�ÔAêDÑÝgÑAÑºÓJÎ7êDÑ�Ý�ÑIß7àÔ#Ò�ÔIÓ;Ücù�Î	Ó;Ò�Î
Ù7Ñ�ÝJÕ Ñ | ö |> ú æ3ûüÐ�Î7ÚFê�Ô<Ò�Îºô�Ô�Ô�Î7ÝgÑ�Ù:ÔIÏDÙ:Î7ìDÜ�Ò�ÔWêDÑÝgÑ�Ó�ÎAÐJÎ	Ý´Ö�Ú/Ñ�Ý�Î	Ó�ÔIÞ�ÖDß7àÔ�Ò�Î<ó�ó	ò
êDÓ	Ø�Ú/ÑIÓ´Î	Ó�Ð�Ñ<ý�ÞcÐJÜ�Ú/ÑWéEÔ�Ü¡âDÏCÑÞ�ÚºÎ	ÏIÐ�Î/Ò�ÎOó�þò�êCÓRê�Ô�Ý�Ù	ÑÖDÓ�ÑWÒ�ÔOÏDà�ÔWéEÖ�ÏDÙ:Ü�Ô�ÏCÑÚFÎ7Ï ÐJÔ
Ò�Î�Ö�ÚëÒ�Ô ÓPê�ÞKÑÏ�Ô ÓRî~Ô/õ ÖDÑ�Ý�Ð�Ô ï)Ø�Ô/õ Ö�ÎRí3Ñê�Î�ÓJÑ�ÝPÒ�Î´Ð�ÖDÒ�Ô/Ö�Ú2éEÎ7ÜcÐJÔ/Ï�Ô�Ð�ÿ�ô�Î7Þ æ
����� ���
	��	����������	���������	�����������! #"%$&�'�(�')�	��+*
û�,'Ý�ÑIÙ.-�Î	Ý8í;Ù:Ô�ÏCÓ�Ð�Ü¿Ð�Ö�á�Ò�Ôqê�ÔIÝ0/¤ê�ÞKÑ�Ï�ÔIÓ8êDÑ�Ý�Ñ�ÞcÎ	ÞcÔ Ó7Ø�õ ÖDÑ6Ð�ÝJÔ+Ò�ÔIÓaõ ÖDÑÜKÓ8Î	Ó�Ð�à�ÔqÏ�ÔqÜ�ÏIÐ�Î7Ý�ÜcÔIÝ
Ò�ÔFÚFÑ�Õ�Ï�Î7ÐJÔCØ�Î7ÏDõ ÖDÑ�ÏIÐJÔ/õIÖDÎ´Ô Ó;Ô�Ö�Ð�ÝJÔ Ó;Ò�ÔIÜ�ÓPÎ	Ó�Ð�à�Ô#Ý�Î	ÓJê�Î	Ù)Ð�ÜcôÑÚFÎ7Ï ÐJÎ´ê�Ô�Ý1Ù7ÜcÚ/Ñ#ÎRê�ÔIÝ
ìDÑ�Ü¿Û�ÔFÒ�ÔFÚ/ÑÕ�ÏDÎ:ÐJÔCæ1 Ñ�ÒDÑºê�Þ�Ñ�Ï�ÔFíAÙ:Ô�ÏCÓ�Ð�Ü¿Ð�Ö�á�Ò�ÔFê�ÔIÝ1Ö�Ú/ÑFê�ÞKÑ�õ Ö�Î7Ð�ÑFÒ�Î3Ó�Ü�Þ�á�Ù7ÜcÔ�Ò�Î32 × 4 cm2 ØCÒ�Î3Î	Ó�ê�Î�ÓJÓJÖ�ÝgÑ
è�òIò µ ÚOæañ�ÔIì�ÝJÎPÙ	Ñ�Ò�Ñ+ê�ÞKÑ�õ Ö�Î7Ð�Ñ´Ó�àÔ´Ò�Î	ê�ÔIÓJÜ¿ÐgÑ�Ò�ÑIÓ'ÚFÜKÙ:Ý�Ô�ê�ÜKÓ�ÐgÑ�Ó'ÚFÎ7Ð�ÿÞ�ÜKÙ7ÑIÓaÓJÔ�ìDÝJÎPÑÚAìDÑIÓ
Ñ�Ó¡é~ÑIÙ:Î	Ó	ØIÑ�ÔRÞ�Ô�ÏDÕ�Ô�Ò�ÑRêDÞ�ÑIõIÖDÎ:Ð�ÑDæaç+Ó�Ò�Ücô�ÜKÓ�ù�Î	ÓkÒDÑRê�ÞKÑ�õ Ö�Î:ÐgÑRÎ	Ó�Ð�à�Ô�Ò�ÜKÓ�ê�Ô Ó�ÐgÑ�ÓkÒ�Î1ÚFÔ�Ò�Ô
Ñ�Ù7Ô�ì�Ý�ÜcÝqÖDÚFÑWÓJÖ�ê�Î7ÝJéEá�Ù7ÜcÎºÙ:Ü�Ý�Ù7Ö�Þ�Ñ�Ý	ØCÎºÑ�ÓqÚFÜKÙ:Ý�Ô�ê�ÜKÓ�Ð�Ñ�Ó¤ô657Ú^Ò�ÜKÓ�ê�Ô Ó�ÐgÑ�ÓqÎ7Ú^ÓJí7Ý�ÜcÎIæ87qà�Ô
éEÔ�ÜZê�Ô ÓJÓJá�ô�Î7ÞZÙ:ÔIÚºêDÞcÎ7Ð�ÑÝRÐ�Ô�Ò�ÔOÔ9,'Ý�ÑIÙ.-�Î7Ý�Ñ<ÐJÎ	Úºê�Ô�êDÑ�Ý�Ñ<ÔOô�Ô�ÔOÏ�Ô9:qÜKÓJÙ7Ô�ô�Î	ÝJ×IØ�ô�ÜKÓ�Ð�Ô
õ Ö�Î´ÔIÓ;ê�ÞKÑÏ�Ô Ó-Ü�ÏIÐJÎ	ÝJÏDÔIÓ;ÏDàÔºÙ7Ô�ì�Ý�ÜcÝgÑÚ�ÐJÔ�Ò�Ñ#ÑºÓJÖ�ê�Î7ÝJéEá�Ù7ÜcÎRÙ:Ü�ÝgÙ:Ö�ÞKÑÝ�Ø Ú/Ñ�Ó;Ö�Ï�ÜKÙ7Ñ�ÚºÎ	ÏIÐ�Î
Ö�Ú/Ñ<ê�Ô�Ýgß7àÔWÔIÝ�Ð�Ô�Õ�Ô�ÏCÑÞ!;�Ó´Þ�ÜcÏ�<DÑ�Ó�Ò�Î/Ù	ÑÚFê�ÔDæºç�Ñ�Ù:Î	Ü¿Ð>=ÏDÙ7Ü�Ñ<Ò�Ô�çqðtñÈÝJÎ�Ó�Ö�ÞcÐ�Ñ�ÏIÐ�Îºí
Ñ�Ó�ÓJÜcÚ2Ý�Î	Ò�ÖDø7ÜKÒ�ÑºÑFòDæ è6/ m2 Ó�Ý�æ
���@? �� ��� 6�	�AB�C�
	��(DE�'���+�F�GD
������H�D8���I�! 
J Ñ�Ý�ÑqÎ	ô�Ü¿ÐgÑÝ¡Ò�ÜKÓJêDÑÝ�ÔIÓ8Ü�ÏIÐ�Î7ÚFê�Î	Ó�ÐJÜ�ô�ÔIÓ¡Ò�Î7ô�Ü�Ò�ÔIÓ0;+êDÑ�Ó�Ó�ÑÕ�Î	Ú Ò�Î;êCÑÝJÐJáKÙ:Ö�ÞKÑ�Ó'Ü�ÏIÐ�Î7ÝgÑÕ�Ü�ÏDÒ�Ô
Ù:ÔIÚ Ñ�Ó�êDÑ�ÝJÎ�Ò�Î	Ó�Ò�Ô«Ú/ÑÕ�ÏDÎ:ÐJÔ ÎÈÑ�Ó�ÓJÜcÚ êDÑÝgÑ Ý�Î�ã�Î	Ü¿ÐgÑÝ�Î	Ó�ÐJÎtÝ�Ö�á�Ò�Ô«Ò�ÎzéEÖ�ÏDÒ�ÔCØ¤Ö�Ú/Ñ
Ù7Ñ�Ú/Ñ�Ò�ÑºÒ�Î�Ù:Ü�ÏIÐ�ÜcÞKÑ�Ò�ÔIÝJÎ�Ó;ê�Þ�ÿIÓ�Ð�Ü�Ù7ÔIÓ;í�Ò�ÜKÓ�ê�Ô Ó�ÐgÑºÓ�ÔIì�ÝJÎRÑ#êDÑ�ÝJÎ�Ò�Î´Ü�ÏIÐJÎ	ÝJÏCÑºÒ�ÔFÚFÑ�Õ�Ï�Î7ÐJÔCæK Ú Ò�Ü�ÓJêDÑ�ÝJÔ õIÖDÎ¬Ó�ÎÈê�Ý�Ô�Ò�Ö�øÈÎ7Ú Ù:ÔIÜcÏDÙ7Ü�Ò'57ÏDÙ:ÜKÑ«Ù7Ô�Ú Ö�Ú ÓJÜ�ÏDÑÞ´ê�Ý�Ô�ô�Î	Ï�Ü�Î7ÏIÐ�ÎÈÒ�Î�Ó�Ð�Î
ÓJÜ�Ó�ÐJÎ	ÚFÑºí�ÝJÎ�ã�Î7ÜcÐ�ÑIÒ�ÔDæ
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p [Gev/c]

Npe

Sinal vs momento

Luz residual 
abaixo do limiar

Limiar=  3.5 Gev/ c
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G�HFI�J�K5L'MEN�O
P9HFQ�L#RTS<U�K,K5H�I�HFV�U�W�V�HFX=Y5Z�Q�S<H[L:X=U�\�K,]�^�U�X=Y,U�L�U:X,H�Q�L�R
_`L:^�K5]<Y,U9a
bAc#UdX,]fe�]�K,H�g�ShL4I�K�L#Q�V�]fV3H�i@]hK5]hQ�jhL*]hQ�Y5K,]AUdX,H�Q�L�R�]AUdX,H�Q�L#R�ShU�K5K,HFI�H[V3UkUdlmJ�]A]hK�L4V�]

]�X,^�]hK�L#Kne9H[XoY5U:]<p3HFX=Y,HFK5]hqr^�U�J�S<UmXnL�S<U�QmY,]ES<HFq�]�Q�Y5U�XsS<U�qtV3H[X=Y5Z#Q�S<H[L�XsV3]4L#]hK5U�I�]hRDL�S<HFq�L
V3]4u:S<qBv

wyx`z�x[{ |6}�~E���E�5�����`�E�9�
P3c�U0K5J��[V3U0HFK5K,]EV3J3Y,�Fe�]hR
lmJ�]�^�U3V3]:^�K,U�e9H�KkV3]%V3U�H[XCi@]�Q���q:]hQ�UmXhOkUB^�K5H�q:]hHFK5U0��V3]�e9HFV3U
W�]<p3H[XoY5�hQ�ShHFL�V3]�I�L�X=]EX:K,]EX=H[V3J�L�HFX%l�J�]�^�U3V3]�^�K,U3V�J��hHFK�J�q�L�S<U�K5K5]hQ�Y5]�V3]<Y5]�S�Y��2e�]hRfW
X5L#�[V�L:V3U�i@U#Y,U�q*J�R�Y,HF^�R�H[ShL�V3U�KEv	�-Y,U�q:UmX�V3]4I���Xs^�U3V3]�qtX,]hK�HFU�Q�HF��L�V3U�Xn^�]�R�UmXs]hRF]�S<Y,K5�9]�X
]�ShU�q:U�X,c�U�V3]�S�L#K5I�L�ShU�QmY,K��#K5HFL��-X5c#U�L�S<]hRF]hK�L�V�U�X:V3]�e�U�R�Y5L�^�L#K�L�U�Sh�#Y,U3V�U�U�J�U�X
V3�FQ�U3V3UmX�U�Q�V3]B^�U3V3]�q�RFHF\�]hK,Y5L#K�q:L�HFX:]�R�]ES�Y5K,�9]EXhv��oX5X=U�^�K,U�e�U3ShL�UmX:L#i�Y,]�K=��^�J�R[X=]EX�U�J
HFq�^�J�RFX,U�X4S<U�q�U�L�Y5K5L�X=UBV3]he9H[V3U�L#U0Y,K�Z#Q�X,H�Y,UBV3UmX HF�9]�X Q�U0Y5J�\�U�v��	X,X,]�L#Y,K�L�X,U'^�U3V3]
HFK:V3]BL#RFI�J�q�L�XdSh]hQmY,]hQ�L�X�V3]0Q�L�Q�U�X,]hI�J�Q�V3U�XdL�Y5�0L�q:HFShK,UmX=]�I�J�Q�V3UmXhv� ¡X,]hI�J�Q�V3U��¢�
V3]�emH[V3U4L�U ]hi@]hH�Y,U*V3]	£=]hRF]�S�Y5K,U�V3]nI�R�U�¤-¥sl�J�]�ShU�K5K,]EX=^�U�Q�V3]sL RFJ���]hq:H�Y,H[V�Lk^�]hRFU�X
¦�R§Y5HFq�UmX
V3�FQ�U3V3UmXdlmJ�]0e9HFL�¨=L�^�L#K�L�U�i@U#Y5U3Sh�#Y,U3V3U�v� CX�L�i�Y,]�K=��^�J�R[X=]EX*U3ShU�K5K,]�q©V�]0N�ª«L«¬�ª�Q�X
V3]�^�U�H[XsV3U:e�]hK�V�L�V3]hHFK,U�H�q:^�J�R[X,U�v

wyx`z�xF ®C�h~E��¯�°±¯�²��2�9�³²�´�µ�°��m¶D~h����°·�E¸`¶�²�����°·��²3��¹�º��m~��2°�¯���¸`º��"²�»#~E°±¯�²
�"²3�2~�¼`»����³²��9º½���9�`²�´�µ�°�²�°�¾k¿ÁÀ

bfL'g�I�J�K5L0X,]hI�J�H�QmY,]��Te�]hK5H§g�S�L��ÂX=]dJ�q�I�K�L#Q�V�]�L#J�q�]�Q�Y5UBV3U�X=HFQ�L�R"^�L�K5L0V3H[XoY�Z#Q�ShHFL�XCL�U
i@U#Y5U�q*J�R�Y,HF^�RFH[ShL�V3U�KA_`U�J%^�L�K5Z�q:]<Y,K5U4V3]AHFq�^�L�S�Y5Uma¢q�L�HFX	ShJ�K=Y�L�X��mL#UdlmJ�L�V3K�L�V�U%_@^�U�K-X=]�K
J�Q�H[V�L�V3]4V�]4Z�Q�I�J�R�U%X=��R�H[V3Uma<v	bfU�]�Q�Y5L�Q�Y5U���Y5]hq���X,]k]�qte9HFX=Y5L�lmJ�]*ShL�V�L:^�U�Q�Y5U%V3]�X5X5L�X
V3H[XoY5K,HF\�J�H[j<�3]�X*^�L#K�L�L#q*\�UmX*U�X*^�R[L#Q�UmXh�"K5]h^�K,]EX=]�Q�Y5L�J�q�L�q:��V3H[L�Q�U«]hH�p9U«V3UmX*Ã�V3U�X
e�L�R�U�K,]EX¢V�U*X,H�Q�L#R�S<U�qÄL*X=J�L4\�L#K5K5L e�]�K=Y5HFS�L#R�lmJ�]fH�Q�V�HFS�L4L*S<U�Q�S<]hQmY,K�L�j�c#UkV3UmXÅL�S<U�QmY,]ES��
HFq�]�Q�Y5U�Xf]hq¡Y5U�K5Q�U%V�U%^�U�Q�Y5U�_³l�J�L#Q�Y5U%q:]�Q�U�Kfi@Æ�KCL�\�L�K,K�L:q�L#H[X�UmXfL�ShU�QmY,]�ShH�q:]�Q�Y,UmX
]�X=Y5c�U�^�K5�Ep3HFq:U�XnV3U:^�U�Q�Y5Uma�v
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Ç�È�É�Ê�Ë5Ì0ÍhÎ�Ï
Ð9ÈFÑ�Ì�ÒDÓ�ÔrÕ@Ê�Ñ�Öh×�Ø�Ù�Ì:Ù3È[Ú=Û5Ü#Ñ�Ý<È[Ì�Ì�ØdÕ@Ø#Û5Ø�Ô*Ê�Ò�Û,ÈFÞ�ÒFÈ[ÝhÌ�Ù3Ø�Ë�Ì#Ø:ßmÊ�Ì�Ù3Ë�Ì�Ù3Ø

à ØkÌ�Ù�ßmÊ�È�Ë5ÈFË"ØkÚ,Ý�Ì�Û=Û5ÓhË¢Þ�ÒFØ#Û�á³Ú=Ó�ÔâÌ�Ú"Ô:ã�Ù3È[Ì�Ú"Ó�Ôåä3æ<ç�è�é<êÂÚ=ÓsßmÊ�ÓnØ�Ú¢Ì�ÝhØ�ÑmÛ,Ó�ÝhÈ�Ô:Ó�Ñ�Û,ØmÚ
Ó�Ú=Û5×�Ø:Ù3È[Ú=Þ�ÓhË�Ú,Ø�ÚnÌ�Û,ãkÚ,È�Ñ�Ì#È[Ú-ÓhÒFÓhè#Ì�Ù3ØmÚ	Ô�Ì�ÚsßmÊ�Ó Ñ�×�Ø:Ú=Ó Þ�Ø3Ù3Ó ÓhÕ@Ó�Ý�Û5Ê�Ì#ËsÊ�ÔtÝhØ�Ë,Û,ÓCÞ�Ì�Ë5Ì
ë Ì�È§ì�Ì�Ú�Ù�ÈFÚ=Û5Ü�Ñ�Ý<È[Ì�Ú"Ì#ØfÕ@Ø�Û,Ø�Ô*Ê�Ò§Û5È�Þ�ÒFÈ[ÝhÌ�Ù�Ø�Ë�Þ�Ø�ÈFÚ�Ó�Ò�ÈFÔ:È�Ñ�Ì�Ë=êÂÚ,Ó<ê�ÈFÌ�Ô*Ê�È�Û,ØmÚ"Ì�ÝhØ�ÑmÛ,Ó�ÝhÈ�Ô:Ó�Ñ�Û,ØmÚ
Ù3Ó ë Ì�È§ì3Ø�Ú,È�Ñ�Ì�Òfá³Ù3Ø�Þ�È[Ý<Ø�Ù�Ì�Ù3È[Ú=Û,Ë5È ë Ê�ÈFÖ�×#ØmæCØ�ßmÊ�Ó%Ñ�×#Ø�ã6Ù3Ó�Ú,Óoí=î2è�ÓhÒAá`Ì�Ù3È[ÚoÛ�Ü#Ñ�ÝhÈFÌ�Ì�Ø
Õ@Ø#Û5Ø�Ô*Ê�Ò�Û,ÈFÞ�ÒFÈ[ÝhÌ�Ù3Ø�ËsÞ�Ø�Ù3Ó Ó�Ú=Û5Ì�ËnÔ�Ì�ÒDÔ:Ó�Ù3È[Ù�Ìmæ�Ï



0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20 25 30 35 40

ï�ð�ñ�ò�ó�ô0õEö3÷Åø3ð�ù�ô�úÅû`ühý¡þ5ÿhô����,ü�ó���ú������-ü�ý
	@ò�ù��������ô���ðFþ�����ù�ÿ<ð[ô:ô���	�������ý*ò�ú��,ð���úFðFÿ�ô�����ó
ô����mò�ô��3ó�ô�������ô�ó5ô���ú[ô#ù��Bõ

��� � !#"%$'&)(*",+.-0/1&324(1"%+'(*"%-�+65728&3/1"%+691+:(;-8<>=@?�=A/*BC&)=D/%E�?�=F"%+
(*"%-�+G+H-0/1&3-�+

ø9ü�ñ�ò�ù���������ú����sþ=ü�ñ�ò�ðFùI�5ü7��ô�þ0��ý�ô�����þnþ=ðFù�ô�ðFþJ����þJ����ð[þ���úFô�ù���þ�K3þnô��3ð�	@ühó5ühùL�hô*ü�ùI�,ó5ü
��þ,ð�ù�ô�ú@������úFô�ù��0õ üM��þ,ð�ù�ô�ú@������ú[ô#ù���N�÷



0

5

10

15

20

25

30

35

40

45

50

-40 -30 -20 -10 0 10 20 30 40

OQP�RIS�T�UWVYX�Z\[H]I^�U�_�]a`�P�b�U�cD_�]I`�_�]IP�`#d�c�U�b�]I`#e�`�_�P�f�g�T�g�b�hYU�g�bIi�T0gM]I`�_�]�Pj`�`0P�bLU�Pj`

k;l `�gYT0e�Unmo`�g�p.S�g;UM^�U�P�]IT0PjUq_�]I`%U�r�]�b.i0gYr�P�^�g�b.i0].`3gY`�i�sMgY^:tY]�b�UI`\_�g;_�P�f�g�T�g�b�h�UI`\_�g
`0P�b�U�cHd�T�uwv�P�^�UI`A_�gJt�gYT0]Lxyc�]�RI]*].`Q`0P�b�U�Pj`AgY^6r�U�_�U*d�cjU�b�]q_�P�f�g�T�g�^zd{]�S�r�];g�f|U�t�g�^zd�U�T�i�g
_�U�_�P�`�i0T�P l S�Pjh�}�]�d{g�T0i0]�_�]�d�Pjr~]�_�]�`�P�b�U�c � k `#UIr~]IbIi0gwr~P�^�g�bIi�]I`#p.S�gM`�gq_�P�`�i0T�P l S�g�^
U�]
c�]�b�RI]�_�g�_�]�Pj`�T>U�^�]I`�g�^�f�]�T�^�U�_�g��
g�^�i�]�T�b�]�_�]

Delta
[��7��x�r�]�T�T0gw`�d{]�b�_�g�^�U

U�r�]�b.i0gYr�P�^�gYbIi0].`Qp.S�gJen}�]*i0gYb�_�]q_�P�f�g�T�g�b�hYU�`Q_�g#`�P�b�U�Pj`QrYU�_�U*e�gYt�^�U�P�]�T�gY`YxygJ] l `0g�T�enU�mo`�g
i�U�^ l{� ^�S�^�U�tY]�b�UW_�g�UIr~]�b.i0gwr~P�^�gYbIi�]I`qp.S�g�i0��^�_�P�f�g�T�g�b�hYU�`q_�g�`0P�b�U�c\p.S�U�`0g�bHS�cjU�`
^�U�`�p.S�gai���^�`0P�b�U�Pj`�^�S�P�i0]�g�c�g�enUI_�]I`Y���QU�b.i0]�b�]�d�T�P�^�g�P�T�]�r�U�`0]�xQgY^�p.S�gai�U�bIi0]�U
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