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� *���+����è*������èê�� +#*������M��������� à��#+��è*_×O1 ø �(���0ù
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� � � ù�5÷/#3 - ß 2S-�/x-�Ó�Ñ�üCâèÚ¶- ß Ó�Ù�Ù ä å^âèÒOìk- ß 2æÑè24×¶-�/#ÒGâè,æ×GÓ�3]-0â�Ó�Ñ�üCâèÚ�- ß ë Þ�ß 2æ2.þ<-�3�Ó�,.-�24ÚrÒ ä åÏ1Í243³Ù
Ó#3³2�¿'ÀÁ�ò*��è��)TàÂ� �����#���ÄÃX2�� ø ��� ��ùCÓ#ÒGÚ *���à��#)Å� ���tà�*��ÄÃX2�� ø �(��ù�ë Þ�ß 2.ÔýÓ�3�2áÙ ß /�üCÒ âèÒ
��â�ì ä 3�2�ê ø 3�âèì ß -�ù�ë
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Þ�ß 2 ä ÒGâ�çG24ÚÛ24Ñ�24,.-03�/�ü(24Ó�ÖX- ß 24/�3]Ô ß Ó#Ù'Ó_ÒG/#Ò¶����1�24Ñèâ�Ó�Òæì�Ó ä ì�2�Ù]-�3 ä ,.- ä 3³2�Ó�ÒGÚæ3³24Ù ä Ñô-0Ù�âèÒæÙ�24Ñ�ã{�

,4/ ä ×GÑèâ�ÒGì�Ù%/#ã�ì�Ó ä ì#2'1Í/�Ù�/#ÒGÙ�ëK��� � ß Ó#Ù%/�1GÙ�243:ñT24Ú - ß 2�×G3³/EÚ ä ,.-�âè/#Ò_/#ã[F � F 
 ×GÓ#âè3�ÙÐãh/#3Z- ß 2'çG3�Ù]-
-�âèå^2�âèÒ ß Ó#ÚG3³/#Ò^,4/#ÑèÑ�âèÚG243�Ù�ë Þ'ß 2�Ñè24×¶-�/�ÒGâ�,�ÚG24,4ÓÊÔÛ, ß Ó�ÒGÒG24ÑO/#ã<- ß 2@F 1�/#Ù�/#ÒGÙ%â�Ù ä Ù�24ÚO5T3³24Ù ä Ñô-0â�ÒGìXâèÒ
-
ü(/Ï24ÒG243�ì�2.-�âè,�Ñè24×�-0/#ÒGÙKÓ�ÒGÚÕÓÏÑ�Ó�3�ì�2�å^âèÙ�Ù�âèÒGì�Ë�Ì65ÍÓ#ÒGÚÕÒG/Ï2.þE-03�Ó�ÿ.2.- Ó#,.-0âôñZâ -�âè24Ù�ë Þ�ß 2÷×O3³/EÚ ä ,.-0â�/�Ò
,43�/�Ù�Ù�Ù�24,.-0â�/�Ò ß Ó#Ù�1�2424Òæå^24Ó#Ù ä 3³24ÚS-�/_1Í2�!Í��#
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-�/_1�2�,4/#å_×OÓ�3�24ÚSüXâô- ß Ó(- ß 20/�3]Ôö×G3�24ÚGâè,.-�âè/#Òæ/#ãKà�*������M���èû_×G1Ó!ô+�#�ë
��Ù�Ù�/E,4â�Óx-�24ÚÛ×G3�/<Ú ä ,.-0â�/�ÒÛ/#ãJÓ�F /�3:J 1�/#Ù�/�ÒSüXâô- ß Ó_× ß /�-0/#ÒÛâ�Ù'Ó#ÑèÙ�/_Ù]- ä ÚGâè24ÚGë�" ß /�-0/#ÒGÙ'Ó#3³2

âèÚO24Ò0-�âèçO24Úõâ�Ò_- ß 2'-�3³Ó#ÒGÙ]ñT243³Ù�2Cå^/�å^24Ò�- ä åò3�Ó�ÒGì#24Ù÷Ó�1�/ÊñO2C)�ÃX2�� Ó#ÒGÚG��ÃX2�� âèÒ`�'�(�ýÓ�ÒGÚ`� �#5
3�24Ù�×�24,.-�â ñT24Ñ Ô>ë ��â�ì ä 3�2Ï�ÕÙ ß /�üCÙ�-�3�Ó�ÒGÙ]ñT243³Ù�2 å_/#å_24Ò�- ä å Ù�×�24,.-�3³ÓÕ/#ãÐ× ß /x-�/�ÒOÙ�âèÒÔF�Õr,4Ó#ÒGÚGâèÚGÓ�-02
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� àxû���ê��M*��è)�� +��tà,� à
��*^×G1 ø �(��ù ñZÙ��Ðà�+��è���M���è�_×G1 ø - ß 24/#3:ÔZù��
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� ä â�3³20å_24Ò�-0Ù�ë_� å_/#3³2SÚGâè3�24,.- -024Ù]-_/#ã
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Þ�ß 2Õ-�/�×ñ� ä Ó�3�Ö ü Ó#ÙÛÚGâ�Ù�,4/�ñT243³24Ú 1�Ô ��� � Ó�ÒGÚ � �râ�Ò Þ 2.ñbÓ�-03�/�Ò � ä Ò¶���ØÚGÓx-�Ór/�ãÏÓ�1�/ ä -
à����k×G1 
�� ë Þ 24ÒGÙ /�ã%2.ñT24Ò�-0ÙKü 243³2S3³24,4/#ÒGÙ]-03 ä ,.-�24ÚØ- ß 24ÒG5mÓ�ÒOÚØ- ß 243�24ãh/�3�2 Ó�Ñ�Ñ�å^24Ó#Ù ä 3³24å^24Ò�-0ÙKü 243³2
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Ó#ÑèÑè/ÊüRå_/#3³2%ÚG2.-�Ó�â�Ñè24ÚCÙ]- ä ÚGâ�24Ù�/#ã�-0/#×"� ä Ó�3�Ö ×G3³/#×�243]-0â�24Ù�ë Þ�ß 2.Ô_âèÒO,4Ñ ä ÚG2%×G3�/EÚ ä ,.-0â�/�ÒX,03³/#Ù�Ù�Ù�24,.-�âè/#ÒG5
å^Ó�Ù�Ù�5Ð×G3�/EÚ ä ,.-0â�/�Ò ÖEâèÒG20å_Ó�-0â�,4Ù�52ò �òCÙ�×Gâ�Ò ,4/�3�3³24Ñ�Óx-�âè/#ÒGÙ�5 ß 24Ñ�âè,4âô-
Ô /�ã�F 1�/�Ù�/�ÒGÙ(×G3�/EÚ ä ,424Ú âèÒÕ-�/�×
ÚG24,4Ó�ÔZÙ�5�1G3�Ó#ÒG, ß â�ÒGìCãh3³Ó#,.-0â�/�ÒOÙË/�ãbñbÓ�3�âè/ ä ÙËÚG24,4Ó�Ôõå_/EÚG24ÙËÓ#ÒGÚáÙ�24Ó#3�, ß 24ÙËãh/#3�3³Ó#3³2÷ÚG24,4ÓÊÔÍÙËâ�ÒG,4Ñ ä ÚGâ�ÒGì
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Þ�ß 2áÙ�âèì#ÒGÓx- ä 3³2á/#ãJ-�/�×Ó� ä Ó�3�Öö×GÓ#âè3C×G3³/EÚ ä ,.-�âè/#Ò Ó#ÒGÚ ÚG24,4Ó�ÔZÙCâèÙ�-
ü / F 1Í/�Ù�/#ÒGÙCÓ�ÒGÚæ-
ü /��

� ä Ó�3�ÖØÿ«2.-�Ù�ë`� 24×Í24ÒGÚGâèÒGìõ/�ÒÛ- ß 2�F ÚG24,4Ó�Ôrå^/<ÚG24Ù�5Ä- ß 2^çGÒGÓ�Ñ%Ù]-�Óx-�24ÙX,4Ó�Ò 1Í2(-
ü /õÑè24×�-0/#ÒGÙXÓ�ÒGÚ
-
ü(/Õÿ.2.-0Ù�5�/#ÒG2ÛÑ�24×¶-0/#ÒrÓ�ÒGÚýã�/ ä 3�ÿ.2.-�Ù�5÷/�3_Ù�â þúÿ.2.-�Ù�ë Þ'ß 2 -«ü /���� ä Ó#3³Öõÿ.2.-0Ù^,4Ó�Òr1Í2ÛâèÚO24Ò0-�âèçG24Ú
1�Ô Ù�24,4/#ÒGÚGÓ�3]ÔúñT243:-�âè,424Ù ø 3³2
íG24,³-0â�ÒGìÆÚG2.-024,.-�Ó�1GÑ�2���� ß Ó�ÚG3�/�ÒýÑèâ�ã�2.-�âèå^24Ù�ù_/#3	�«Ù�/�ãy-�
 Ñè24×¶-�/�ÒGÙ^ãh3³/#å
Ù�24å^âèÑ�24×¶-0/#ÒGâè,�ÚO24,4Ó�ÔZÙ�ë

Þ�ß 2�ÚGâô��Ñè24×�-0/#ÒC, ß Ó�ÒGÒG24Ñ<â�ÙJ×GÓ#3]-0â�, ä ÑèÓ#3³ÑôÔ^,4Ñè24Ó#ÒCÓ#ÒGÚCÚG/E24Ù�ÒG/x- ä Ù ä Ó�Ñ�Ñ Ô^3�2
� ä âè3�2Ä- ß Óx-J- ß 2���� ß ÿ.2.-0Ù
1�2Xâ�ÚG24Ò0-�âèçO24ÚGë��mâèì ä 3³2"�^Ù ß /�üXÙÐ- ß 2'ÿ«2.-Ïå ä Ñ -�âè×OÑèâ�,4â -
ÔÆÚGâèÙt-03�âè1 ä -�âè/#ÒGÙ�/�ã�- ß 2X,4Ó#ÒGÚGâèÚGÓ�-02X2.ñT24Ò0-�Ù�âèÒ
- ß âèÙ�, ß Ó#ÒGÒG24Ñèë Þ'ß 2�×G3�/EÚ ä ,.-0â�/�Òæ,43�/�Ù�Ù�Ù�24,.-�âè/#ÒæâèÙ�å^24Ó#Ù ä 3³24ÚS-�/_1Í2�!Í��#
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Þ�ß 2KÑè24×¶-�/�Ò ×GÑ ä Ù�ÿ«2.-'çGÒGÓ�ÑEÙt-0Ó�-02KâèÙ�Ñ�24Ù�Ù�× ä 3�245BÓ�ÒGÚ âô-&âèÙ�3�2
� ä âè3�24Ú�- ß Ó�-&/�ÒG2K/#3�1�/�- ß /�ã������ ä Ó�3�Ö
ÿ.2.-0Ù�1�2KâèÚG24Ò�-�âèçG24ÚOëË��ÒÏ2.þZÓ�å^×GÑ�2Ë2.ñT24Ò�-�üXâô- ß Ù�24,4/�ÒOÚGÓ�3]Ô�ñT243:-�2.þ�-�Ó�ì#Ù�â�Ù�Ù ß /�üCÒÏâ�ÒÏ�mâèì ä 3³2K+ ø Ñè24ãy-0ù�ë
Þ�ß 2�ÿ.2.-Øå ä Ñ -�âè×GÑ�âè,4âô-
ÔýÚGâ�Ù]-�3³â�1 ä -0â�/�ÒGÙÏ/�ã�- ß 24Ù�2Ø,4Ó�ÒGÚGâ�ÚGÓx-�2á2.ñT24Ò0-�ÙCÓ#3³2ØÓ�Ñ�Ù�/`Ù ß /�üCÒ â�Ò ��â�ì ä 3³2á+#ë
Þ�ß 2�2.þZ,424Ù�ÙË/#ãZ2.ñT24Ò�-0ÙËâ�ÒX- ß 2÷1Gâ�ÒGÙ���������� êC1Gâ�ÒGÙËâèÙËÒOâè,424ÑôÔæÚG24Ù�,43�âè1Í24ÚØÓ�ãy-0243�- ß 2÷â�ÒG,4Ñ ä Ù�â�/�ÒØ/#ãE-�/�×
,4/#Ò0-�3³â�1 ä -�âè/#ÒGÙ�ë Þ�ß 2�×G3�/<Ú ä ,.-�âè/#Òæ,43�/�Ù�Ù�Ù�24,.-0â�/�Òæâ�Ù�å^24Ó�Ù ä 3�24ÚS-0/^1�2�!ôû�#
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Þ�ß 243³2Ð2.þZâ -�å^Ó�Ò�ÔS/x- ß 2436å^24Ó�Ù ä 3³24å^24Ò�-0ÙÄ/#ã�- ß 2¼� ä Ó�Ò�-�â -«Ô ä Ù�âèÒGìmñbÓ�3�âè/ ä ÙÄÚGâ�ì�243�24Ò�-6-�24, ß ÒGâ�� ä 24Ù�!èà���#�ë
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Þ�ß 2Cå^Ó�Ù�Ù�/�ãÍ- ß 2�-0/#×Ä� ä Ó�3�ÖÛâèÙ÷Ó#Ò`â�å_×�/#3]-0Ó#Ò0-¾� ä Ó�Ò�-�â -
ÔÛ-�/áå^24Ó#Ù ä 3³245�ÒG/x-÷ÿ ä Ù]-Ïãh/#3�âô-0Ù�/�üXÒ

3�âèì ß -�5Í1 ä -(Ó�Ñ�Ù�/ ã�3�/�å /�- ß 243K× ß ÔZÙ�âè,4Ù&×�243³Ù�×�24,.-0âôñO20Ù�ë$# ß 24ÒÕ,4/�å 1GâèÒG24ÚCüCâ - ß - ß 2 F 1�/#Ù�/�ÒÕå^Ó#Ù�Ù�5
â -÷,4Ó�Ò^×G3�/�ñZâèÚG2�âèÒGÚGâ�3³24,³-�âèÒGãh/�3�å^Óx-�âè/#Ò_/#Ò(- ß 2&%�âèì#ì�Ù%1�/#Ù�/�Ò^å^Ó�Ù�Ù�ëK��â�ì ä 3³2�)�Ù ß /�üCÙ6- ß â�Ù%3³24Ñ�Óx-�âè/#ÒG5
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Mtop
C    [GeV/c2]

Mass of the Top Quark
Measurement Mtop

C    [
D
GeV/c2]

E
CDF di-l 167.4 ± 11.4

D∅
F

   di-l 168.4 ± 12.8

CDF l+j 176.1 ±  7.3

D∅
F

   l+j 180.1 ±  5.3

CDF all-j 186.0 ± 11.5

χ2 / dof  =  2.6 / 4

TEVATRON Run-I 178.0 ±
G
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 Run II Preliminary∅DDecay angle
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b�MdcUNQe�hdILNQPZ Z[QIL_ gåILgå[QudP  ZcUnQPZn�_UY®v�_UgdKUIL[QMdhdILgdcUv��\���®cUgdhåvLPZY\[���uOcUgdhdPsh�� �!�Si kx_UnQ_UgOn]y�¢ ILhdhdvLPtT ^WNQcUgdn#" PsNQnQP
pS_UpSPZg�[�MOpÝhdILnQ[QNQI�kOMd[QI�_Ugq_ YXvLPZad[Q_UgdnrILg�[Q_Ua� sc gOhdILhdcU[�P�P$"UPZg�[�n!��¤`��H%��yÆ{|ILKUut[]TWVXPZaO[�_Ugqc gOKUMdvLc NrhOI�no[�NQILkdMO[�IL_Ug�ILg
vLPZad[Q_Ug'&)(�PZ[�[Q_Ua� scUgdhdILhdcU[QP®P*" Psgt[Qn��������Qy
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¯»¹
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­�«Jªt¬sª K � ¯»¹$¦¨«Jª�¿ß¬s±m¶Z¦�¯�§x²å§x¿J¦�«Jª�Ï»§m²J©x¯Ø¦�¾J·J¯�²J±xÏÙ¶t§m¼�´µ§x²Jªt²¨¦¨ÌSÄ®­�§â·J¯\[µªt¬ºªt²�¦Ö¼�ªZ¦�«J§X·J¹S«J±]Å�ª�Áµªtªt²
¾J¹ºªt·�¦¨§¸ªZ³X¦¨¬s±m¶Z¦j¦¨«Jª�¿Þ¬º±x¶Z¦¨¯»§m²JÌáÄ&«Jª�ÍJ¬º¹�¦ ªZ³r±x¼�¯»²Îªt¹&¦�«Jª�Ï�ªt´Ó¦�§m² ¼½§m¼½ªt²¨¦¨¾J¼ ¹]´µªt¶Z¦�¬º¾J¼�ÌáÄf«Jª
·J¯\[µªt¬sªt²¨¦qÀ ´µ§xÏ�±x¬º¯»Ñt±Æ¦�¯�§x²�¹�¦¨±U¦¨ªt¹�©x¯ØÅÎª&·J¯][Ùªt¬sªt²¨¦�Ï»ªt´x¦�§m²½±m²J©x¾JÏ�±x¬�·J¯�¹�¦¨¬s¯�ÁJ¾Ó¦�¯�§x²J¹�¯»²Ö¦¨«Jª�¦¨§x´�ÂX¾J±x¬ºÃ
·Jªt¶t±]×ñÌ�Ä&«J¯»¹�¯»¹�¹º«J§]­�²"¯»²½ù�¯»©m¾J¬ºªP�xÌ�Ä&«JªS±x²Î©xÏ�ªU^1_�¯�¹Ù¦�«ÎªS±x²J©mÏ»ªf§x¿m¦¨«JªSÏ»ªt´Ó¦¨§x²½¼½§m¼½ªt²¨¦¨¾J¼ ·J¯�¬sªt¶ZÒ
¦¨¯»§m²�¯�² ¦�«Jª�¬ºªt¹�¦q¿ß¬s±m¼½ª�§m¿û¦¨«JªqÀ ÁÙ§x¹º§m² ­j¯Ø¦�«�¬ºªt¹º´µªt¶Z¦�¦¨§f¦¨«Jª�¦�§m´�ÂX¾J±m¬sÃ"¼½§m¼½ªt²¨¦¨¾J¼ ·J¯�¬sªt¶Z¦¨¯»§m²JÌ
Ä&«Jª�Ï�ªt¿L¦sÒ]«J±m²J·Jªt·�À Áµ§x¹]§x²ÿ´J¬º§û·J¾J¶tª�¹SÏ�ªt´Ó¦¨§x²J¹f´Ùªt±xÃmªt·â¦�§]­Ö±x¬º·â¦�«JªÖÁJ±m¶zÃ¨­�±m¬s·ÿ·J¯�¬sª�¶Z¦�¯�§x²JÜW­j«J¯�Ï»ª
¿ß§x¬�¦¨«Jª�Ï�§x²Î©x¯Ø¦�¾J·J¯�²J±xÏ$À Áµ§x¹]§x²�¦�«Jª�·J¯»¹Q¦�¬º¯»ÁJ¾Ó¦¨¯»§m² ¯�¹�¹�×Ù¼�¼�ªZ¦�¬º¯»¶tÌjÄ&«Jª�¬º¯»©m«¨¦sÒ]«J±m²J·Jªt·áÀ Áµ§m¹º§x²
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Ä&«Jª�Ï�ªt´Ó¦�§m²â¹º´Ùªt¶Z¦�¬º¾J¼ ¿ß¬s§m¼ øfÔÖù�¯»¹®¹º«J§]­�²â¯�²"ù�¯»©m¾J¬ºª�� N ¼½¯�·J·JÏ»ª R Ì�Ä&«JªSªZ³û¦¨¬s±m¶Z¦�ªt·"Ï�§x²J©m¯°¦¨¾J·J¯»²J±mÏ
¿ß¬s±m¶Z¦�¯�§x² K � Ü�¾J²J·Jªt¬®¦�«Jª ±m¹º¹º¾J¼�´Ó¦�¯�§x²"¦¨«J±U¦&¦¨«Jª ¬s¯�©x«¨¦ºÒ]«J±x²J·Jªt·�¶t§m¼½´Ù§x²Jªt²¨¦�¯»¹&±mÁJ¹ºªt²¨¦�Ü�¯»¹�É»Ê Y Ë

K � é Õmë»æ � ���	� ab
� �	� öb� Z
²J§Æ¦�¯�²J¶t§x²J¹º¯�¹�¦¨ªt²�¦j­j¯Ø¦�«�¦�«Jª�¹�¦¨±x²J·J±m¬s·�¼�§X·JªtÏ�´J¬ºªt·J¯�¶Z¦�¯�§x²JÌ Ô�Õ�¬ºªt¶t§x²Î¹�¦�¬º¾J¶Z¦�¹&¦�«Jª�±m²J©xÏ�ªc^ _ ±x²J·
ªZ³r±x¼�¯»²Jªt¹�¯Ø¦�¹�·J¯»¹Q¦�¬º¯»ÁJ¾Ó¦¨¯»§m²JÌâÈ ¦"¯�¹�¹]«J§]­j²á¯»²áù�¯�©x¾J¬ºªd� N ¬º¯»©m«�¦ R Ì�Ä&«Jªâ¿Þ¬º±x¶Z¦¨¯»§m²á§x¿r¦¨«Jª N ²J§m²ÓÒGeJý R¬º¯»©m«�¦ºÒ]«J±m²J·Jªt·¸´µ§xÏ�±x¬º¯»Ñt±Æ¦�¯�§x² N K �fR ¯�¹�ÍÓ¦s¦¨ªt·¸¿ß§x¬ºÜ`­�¯°¦¨«½¦�«JªjÏ�§x²J©m¯°¦¨¾J·J¯�²J±xÏ|¿Þ¬º±x¶Z¦¨¯»§m² K � ÍÓ³rªt·½¦�§ ¦�«Jª
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¼�§û·Jªt¹]ÌfÄ&«Jªt¬sªt¿ß§x¬ºªtÜ�¯»¿$²JªZ­ ´J«�×r¹º¯�¶t¹&ªZ³r¯»¹�¦¨¹ºÜ�¯°¦�¯»¹�¯»²"¦¨«Jª�QPO ��¦�¬º±x²J¹º¯Ø¦�¯�§x²Î¹ºÌ

Ä&«Jª�ø&Ô�ù�±m²J·âÔÖÕ�ªZ³r´µªt¬s¯�¼½ª�²�¦¨¹�¶t±m²"´J¬s§]År¯�·Jª�¾J²J¯�ÂX¾Jª�¦¨ªt¹�¦¨¹�§m¿Î¹º§m¼½ªS§x¿m¦�«JªUQPO �&´J¬º§û¶tªt¹]¹ºªt¹ºÜ
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¯»²¸ù�¯»©m¾J¬ºªñÊUæ N ¬º¯»©m«¨¦ R Ìfø&Ô�ù ªZ³X¦¨¬s±m¶Z¦�¹�É°æ�ÊUË

ç N �à�� R é Y ímïxïñë\Õ�Ê�ìîÕmë � í�ìîÕmë»íxí�ý�ªZó�ôxõ÷ö
ç N � �� R é ÊÆë»íxï1��ìÛÕñëQÊÆÕxÕqìÛÕñë\Õ�ÊUÕ�´J¹

¾J¹º¯�²J©½±�·J±U¦¨±½¹]±x¼�´JÏ»ª §m¿$æxðmÕ½´JÁ ��� Ì
Ä&«Jªt§x¬�×�´J¬ºªt·J¯»¶Z¦¨¹�¦¨«J±Æ¦q¦�«Jª�Ï»¯�¿ÞªZ¦¨¯»¼�ª�§m¿Ù¦¨«Jªd� �� ¼½ªt¹]§x²�¹º«J§x¾ÎÏ»· ÁÙª&¦¨«Jª�¹º±m¼½ª�±x¹¥¦¨«J±U¦â§m¿Ù¦�«Jª

� �¦ ¼�ªt¹º§x²�­�¯°¦¨«J¯»² Ê	k½ÌU
�§]­ÖªZÅÎªt¬ºÜÙ±"¹º¯»Ñ�±xÁJÏ�ª¥­�¯»·x¦�«å·J¯\[µªt¬sªt²Î¶tªtÜ�� M � ô M � §x¿|§m¬s·Jªt¬ÖÊÆÕ�k É°æmæxË�Ür¶t±x²
ªZ³r¯»¹�¦�ÁµªZ¦�­Öªtªt² ¦¨«Jªq¦�­Ö§å¼½±m¹º¹Öªt¯»©mªt²J¹�¦¨±U¦¨ªt¹�§m¿�¦¨«Jªr� �� ä� �� ¹�×Ù¹Q¦�ªt¼�Ì�Äf«Jª"·Jªt¶t±]×Ý¼½§X·Jª"¶t¾J¬s¬ºªt²¨¦�ÏØ×
¯»² ·J¯�¹º¶t¾J¹º¹º¯�§x² «J±m¹ÿÁÙªtªt² ¼�ªt±m¹º¾J¬sªt· ¦¨§�Áµª ·J§x¼�¯»²J±Æ¦�ªt· Á¨× ±�øU��Ò]ªZÅÎªt² ¹�¦¨±U¦¨ªtÜq­j«J¯�¶z« ¹º«J§m¾JÏ»·
¶t§m¬s¬ºªt¹º´µ§m²J·Ð¬º§x¾J©m«JÏ°×�¦�§q¦¨«Jª�¹]«J§x¬�¦�ªt¬�Ï�¯»¿ßªZ¦¨¯»¼�ª�¼�±x¹]¹�ªt¯�©xªt²J¹Q¦�±Æ¦�ª�§x¿J¦�«Jª�¦�­�§ÿÉØæxímË»ÌfÄ&«Jªt¬sªt¿ß§m¬sªtÜX¦�«Jª
Ï»¯�¿ßªZ¦�¯�¼½ª�¼�ªt±x¹º¾Î¬sªt·�­�¯°¦¨«�¦�«J¯�¹S¼½§X·Jª�¶t±x²åÁµª�¹º«Î§x¬�¦�ªt¬S¯»¿|¯°¦ ¯»¹S¶t§m¼½´J±m¬sªt·�¦¨§â§Æ¦�«Jªt¬S¼½ªt±m¹º¾J¬sªt¼�ªt²¨¦�¹
§m¿�¦�«Jª�� �� ¼½ªt¹]§x² Ï»¯�¿ÞªZ¦¨¯»¼�ªtÜ|­�«J¯»¶ «�¶t§m¼�ª�¼�§x¹�¦¨Ï°×�¿Þ¬º§x¼¨`J±]ÅÎ§m¬�Ò]¹º´µªt¶t¯�ÍJ¶�ÍJ²J±mÏ�¹�¦¨±U¦¨ªt¹ºÜ�§x¬j¯�¿�¯Ø¦ ¯»¹
¶t§m¼½´J±m¬sªt·"¦¨§�¦¨«Jª�� �¦ ¼�ªt¹º§x²¸Ï»¯�¿ÞªZ¦¨¯»¼�ªtÌ

��¹S¿Þ§m¬�¦¨«Jª�ø���¶t§x²¨¦¨ªt²�¦Ö§m¿`¦¨«Jª�·Jªt¶t±z× ¼½§X·JªtÜrøfÔÖù «Î±x¹S¼½ªt±m¹º¾J¬ºªt·�¦¨«Jª�´µ§mÏ»±m¬s¯�Ñt±Æ¦�¯�§x²J¹S¯»²�¦�«Jª
·Jªt¶t±]×ú±x¹®­�ªtÏ�Ï�±x¹&¯»²"¦¨«Jª£� � O �rô��p��_ � ¼�§û·JªtÌ&Äf«Jª ¿ß¬s±m¶Z¦�¯�§x²�§x¿�¦�«JªS¦�¬º±x²Î¹�ÅÎªt¬º¹ºªÖ«ÎªtÏ»¯�¶t¯°¦�×ú¹�¦�±Æ¦�ª
N øU�î§û·Î· R ¯�¹&¼½ªt±m¹º¾J¬ºªt·"¦�§�Áµª�ÉØæxðmË

M�� ô M é ÕñëQÊÆêxíqìÛÕñë\Õ Y Ê�ìîÕmë»Õ Y ð N �à�¦ O �rô���� _ � R
é Õñë\æmíxæqìÛÕñëQÊÆÕxÕ�ìîÕmë»ÕÎÊÆí N � �� O �rô���� R ë

��¿�¦¨ªt¬S¦�«Îª½øf§m²J¿ßªt¬sªt²J¶tªtÜ¥øfÔÖùÚ¬ºªtÏ�ªt±x¹ºªt·îÉ°æmðxË�±�¬sªt¹]¾JÏ°¦�§m¿�±x²�±U¦º¦�ªt¼�´Ó¦ ¦�§�¼�ªt±x¹º¾J¬ºª�� M � Ü�­j«J¯�¶z«
©m¯°ÅÎª�¹&±�Å`±xÏ�¾Jª §x¿

� M � ô M � é Õmë»ï Y �J�H� öB
� �	� aBa ìÛÕñë\Õ�Ê	Z
¦¨«J§x¾J©m«�¯Ø¦�¯»¹�²J§U¦�¹]¯»©m²J¯»ÍJ¶t±m²¨¦&×ÎªZ¦¨Ì©� ¹º¯�Ñt±xÁJÏ�ª�� M ¯�¹�¯»¼�´µ§x¬�¦¨±x²¨¦�±xÏ�¹º§�Áµªt¶t±m¾J¹ºªj¯°¦�¼�±]×ú±mÏ»Ï�§]­ ø��
¹�¦¨¾J·J¯»ªt¹&§m¿�� �� ¼�ªt¹º§x²�·Jª�¶t±]×r¹®­j¯Ø¦�«J§m¾Ó¦&¦�«Jª ²Jªt¶tªt¹º¹]¯°¦�×ú§m¿%`Î±]ÅÎ§m¬�¦¨±x©m©x¯�²J©mÌ

È÷² ¦�«Jª�¿ß¾Ó¦�¾Î¬sªtÜñ¦�«J¯�¹¥·Jªt¶t±]×�¼½§X·Jª�­�¯»Ï�ÏÎÁÙª�¾J¹ºªt· ¦�§�¹ºªt±m¬s¶ «�¿ß§x¬¥¼½¯Ø³Ù¯�²J©UÒz¯»²J·J¾J¶tªt·�ø��¸År¯�§xÏ�±U¦¨¯»§m²JÌ
Ä&«Jªå¼½§X·Jªÿ¯»¹"± � �� ªtÂX¾J¯°ÅW±mÏ»ªt²¨¦�§m¿�¦�«Jª�� �¦ O �Ùô	�à� �� ¼�§û·JªtÜ�ªZ³r¶tªt´Ó¦"¦�«J±Æ¦"¦�«Jªj� �� ¼�§û·Jªÿ¯»¹
²J§Æ¦â± ´J¾J¬ºª�øU� ªt¯»©mªt²J¹�¦¨±U¦¨ªtÌ�È�¿r¦�«Jª�´J«J±m¹ºª�§x¿�´J±x¬�¦¨¯»¶tÏ�ªZÒ]±x²¨¦¨¯»´J±m¬ ¦¨¯»¶tÏ�ª�§x¹º¶t¯�Ï»Ï�±U¦¨¯»§m²J¹�¯»¹�²J§x²ÓÒ]Ñtªt¬º§xÜ$¯Ø¦
¶t±m²åÏ»ªt±m·�¦�§"øU��±m¹�×r¼½¼�ªZ¦�¬�×�¯»²�¦¨¯»¼�ªZÒ]·Jªt´µªt²J·Jªt²¨¦ ·Jªt¶t±]×�¬s±Æ¦�ªt¹f¼½§X·J¾JÏ�±U¦¨ªt·�­j¯Ø¦�«�¦¨«Jª�§m¹º¶t¯»Ï�Ï»±Æ¦�¯�§x²
¿ß¬sªtÂX¾Jªt²J¶Z×�� ç ÌåÈ�²å¦�«Jª½¹�¦¨±x²J·J±m¬s· ¼�§û·JªtÏ�Üæ� �� ä� �� ¼�¯°³r¯»²J©�¬sªt¶tªt¯ØÅÎªt¹SÅ�ªt¬ × Ï�¯°¦º¦�Ï�ª"¶t§m¼½´ÎÏ»ªZ³ ´J«J±x¹ºª
Áµªt¶t±m¾J¹ºª¸¯°¦ ¯�¹�±m¬s© N ð è � R Ì£Äf«Jªt¬ºªt¿ß§x¬ºªtÜ�¯�¿�øU� År¯�§xÏ�±U¦¨¯»§m²�¯�¹�¿Þ§m¾J²J· ¦�§�Áµª¸¹º¯»Ñt±mÁJÏ�ªtÜ�¯°¦�­j¯�Ï»Ï&Áµª¸±x²
¾J²J±m¼�ÁJ¯�©x¾J§m¾J¹&¹º¯»©m²J±mÏ�§m¿�²JªZ­ ´J«¨×r¹º¯»¶t¹]Ì

éê.0-1. � �� ä� �� ?HI�897$505 F/:�7$?H= I
Ä$§�¹Q¦�¾J·Ó×å¦�«Jªj¶t§m²J¹º¯»¹Q¦�ªt²J¶Z× §x¿µ¦�«Jªj¾J²J¯Ø¦�±m¬s¯Ø¦�×å¦�¬º¯»±m²J©xÏ�ªj§x¿µ¦�«Jª�� ý ¼�±U¦¨¬s¯Ø³rÜ`¦¨«Jª ¯�²J¿ß§x¬º¼½±Æ¦�¯�§x²

§m²½¦�«JªjÏ�ªt²J©U¦¨«J¹�§x¿µ¦¨«Jªj¹º¯»·Jªt¹q§x¿µ¦¨«JªS¦¨¬º¯»±m²J©xÏ�ªj±x²J·½¦¨«Jªt¯»¬�´J¬sª�¶t¯»¹ºªj·JªZ¦¨ªt¬s¼�¯»²J±Æ¦¨¯»§m²¸±x¬ºªj¶t¬s¾J¶t¯�±xÏ�ÌqÈ�²
´J±m¬ ¦¨¯»¶t¾JÏ�±x¬®¦�«Jª ·JªZ¦¨ªt¬º¼½¯�²J±U¦¨¯»§m²�§x¿Uïñð è ¦ ïW¿ß¬s§m¼ ¦¨«Jª §x¹º¶t¯�Ï»Ï�±U¦¨¯»§m²�¿ß¬sªtÂX¾Jªt²J¶Z×�� ç ¦ §x¿�� �¦ ä� �¦ ¼½¯Ø³Ù¯�²J©
¶t¾J¬º¬sªt²¨¦¨Ï°×î¹º¾z[Ùªt¬s¹â¿ß¬º§x¼ ±á¬sªtÏ�±U¦¨¯°Å�ªtÏ°× Ï»±m¬s©mª�¦¨«Jªt§x¬ºªZ¦�¯�¶t±xÏ�¾J²J¶tªt¬�¦�±m¯»²¨¦�×ñÜ®¦�×r´J¯»¶t±mÏ»ÏØ×î§x¿&§m¬s·Îªt¬�æmÕ�k�Ì
� ²JÂX¾Jªt²J¶z«Îªt·�Ï»±Æ¦s¦¨¯»¶tª�¶t±xÏ�¶t¾JÏ�±U¦¨¯»§m²J¹½§m¿à�à¼�ªt¹º§m²�·Jªt¶t±]× ¶t§x²J¹�¦¨±x²¨¦¨¹½«J±zÅÎªÿÁÙªt¶t§x¼�ªÿ±zÅW±x¯�Ï»±mÁJÏ»ª�¯»²
¬ºªt¶tªt²�¦Ö×�ªt±x¬º¹ºÜ�±x²J·å¦�«JªZ×Ý¹º«Î§x¾JÏ�·ú«JªtÏ»´ ¬sªt·J¾J¶tª�¦¨«Jª"¾J²J¶tªt¬�¦¨±x¯�²�¦÷×ñÌ ùÎ¬º§x¼ ¦¨«Jª"ªZ³r´µªt¬s¯�¼�ªt²�¦¨±xÏ®¹º¯�·JªtÜ
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HJILK MONQPÝÔbÅÓTê·4Ç�cUpSadvLP�_UYJY�MOv�vL~qNQPs Z_UgdnQ[QNQMO Z[QPZhrÖúpSPsnQ_UgÖnQILK gOcUv�n�cUpS_UgdK�¤`��H hdcU[Qcf[QNQILK KUPsNQPZhÖ¡�IL[�u }��$^�ydVXPsY�[]TÖPÙ�× Û À���Ùd×���¿dÙ � Þ ����Ù�y`{|ILKUut[]TrÕÖnÀ!× Û!Þ ��Ùd×���¿dÙ � Þ � Þ �!��Ù�y

¦¨«Jª½¦�«Jªt§m¬ × ¾J²J¶tªt¬ ¦¨±x¯�²¨¦�× ¶t±x²î¯»²Û´Î¬s¯�²J¶t¯»´JÏ�ª¸Áµª¸¬ºªt·J¾J¶tªt·Û§m²J¶tª½­Öª¸§xÁJ¹]ªt¬ Å�ª½¦�«Îª � �� ä� �� §x¹º¶t¯�Ï»Ï�±UÒ
¦¨¯»§m²J¹ ±m²J· ¾J¹ºª�¦¨«Jª�¬s±Æ¦�¯�§"� ç � ô#� ç ¦ ¦�§	ªZ³X¦¨¬s±m¶Z¦ ïñð è � ô1ð è ¦ ï°Ì ùÎ§m¬ ªZ³r±x¼�´JÏ»ªtÜ Çqªt¿ÞÌ"É°æ Y Ëq¶t±mÏ»¶t¾ÓÒ
Ï»±Æ¦¨ªt¹j¦�«Jª ¬º±U¦¨¯»§%$`ÜÖ§x¿�¦¨«Jª¬� �� ±x²Î· � �¦ ·Jªt¶t±]× ¶t§x²J¹Q¦�±m²¨¦�¹j¦¨¯»¼�ªt¹j¦�«Jª ÁJ±m© ´Î±x¬º±x¼�ªZ¦�ªt¬º¹ºÜ�¦¨§ Áµª
$ L N K'&)(+* � &)( R ô N K,&)- � &)- R é ÊtëQÊÆð�ì Õñë\Õmí ���H� � a� �H� ��ö Ü�­�«J¯»¶ «î¯»²¨Å�§xÏØÅÎªt¹ ±	¹º¼½±mÏ»Ï�ªt¬�¾J²Î¶tªt¬ ¦¨±x¯�²¨¦�×
¦¨«J±x²½­j«Jªt²½¦�¬�×r¯»²J©Ö¦¨§�ªZ³X¦�¬º±x¶Z¦ºð è ¦ ¾J¹º¯»²J©�§m²JÏØ×�� ç ¦ ÌÝ
q§z­�ªZÅÎª�¬sÜ`¦¨«JªjªZ³Ù´Ùªt¶Z¦�ªt·½ÅÎªt¬�×ú«J¯�©x«½ÅW±mÏ»¾Jª
§m¿.� ç � ´Ù§x¹ºªt¹�±½¶ «J±mÏ»Ï�ªt²J©xªS¦¨§½ªZ³r´µªt¬º¯»¼�ªt²¨¦�¹ºÌ

È÷² §m¬s·Jªt¬�¦¨§ ¼�ªt±x¹º¾Î¬sª�´J±x¬�¦�¯�¶tÏ»ªZÒ]±m²¨¦�¯�´J±x¬�¦�¯�¶tÏ»ª�§m¹º¶t¯»Ï�Ï»±Æ¦�¯�§x²J¹¥­�¯°¦¨«�±jÅÎªt¬�×�«J¯�©x«�¿ß¬sªtÂX¾Jªt²J¶Z×ñÜ$¯Ø¦â¯»¹
²Jªt¶tªt¹º¹º±m¬�×ñÜ�§m¬�±U¦�Ï»ªt±m¹�¦�·Jªt¹º¯»¬º±mÁJÏ»ªtÜJ¦¨§�«J±zÅÎªj´J¬ºªt¶t¯»¹ºª&ÅÎªt¬�¦�ªZ³ ·JªZ¦¨ªt¬s¼�¯»²Î±U¦¨¯»§m²J¹�±x²J· ±�©m§X§û·¸´Î¬s§m´µªt¬
¦¨¯»¼�ªÿ¬ºªt¹º§mÏ»¾Ó¦¨¯»§m²JÌ Ä&«Jª�¿Þ§m¬s¼�ªt¬½¶t±m²�Áµª�±x¶ «J¯»ªZÅ�ªt·�Á¨×Ú«J±]År¯�²J© ± ©m§û§X·�·JªZ¦¨ªt¶Z¦�§m¬�ÅÎªt¬�×Ú¶tÏ�§x¹]ªâ¦¨§
¦¨«Jªc� ¼½ªt¹º§m² ´J¬s§X·J¾J¶Z¦¨¯»§m²�´Ù§x¯�²�¦¨Ü�±x²Î·ÿ¦¨«Jª�Ï�±U¦º¦�ªt¬�¬sªtÂX¾J¯�¬sªt¹�¼½ªt±m¹º¾J¬º¯»²J© � ¼�ªt¹º§x² ¼½§m¼�ªt²�¦¨¾J¼
§m² ±m² ªZÅ�ªt²¨¦sÒ]Á¨×XÒ]ªZÅ�ªt²�¦âÁJ±m¹º¯�¹ºÌjÄ&«Jª�Ï�±U¦º¦�ªt¬�¶t±x²�Áµª�±x¶ «J¯�ªZÅÎªt·�¯»¿�·Jªt¶t±]×r¹�±x¬ºª�¬ºªt¶t§m²J¹�¦�¬º¾J¶Z¦�ª�· ¿ß¾JÏ»ÏØ×ñÌ
eJ¾J¶ «�¬sªt¶t§m²J¹�¦¨¬s¾J¶Z¦¨¯»§m²�§x¿�±xÏ�Ï°Ò]«J±m·J¬s§m²J¯�¶½ÍJ²J±mÏ�¹�¦¨±U¦¨ªt¹j«J±m¹jÁµªt¶t§m¼½ª�´µ§m¹º¹º¯�ÁJÏ»ª�¯�² ø&Ô�ù Ç�¾J²ÓÒ]ÈsÈ÷Ü�Á¨×
¾J¹º¯�²J© ¹º¯»Ï�¯»¶t§m²�·JªZ¦�ªt¶Z¦¨§x¬q¯�²J¿ß§x¬º¼½±Æ¦�¯�§x²�±U¦�¦�«Jª�¹ºªt¶t§x²J·�Ï»ªZÅ�ªtÏ�§m¿Ù¦�«Îª&¦¨¬s¯�©x©mªt¬ N eÓó"ÄÛ¦¨¬s¯�©x©mªt¬s¹ R Ìjù�¯�©UÒ
¾J¬ºªúÊÆíá¹º«J§z­j¹"±m² ªZ³Ù±m¼½´ÎÏ»ªå§x¿�¹º¾J¶ « ¹º¯�©x²J±mÏ»¹ºÌ�Ä&«JªZ×�­�¯»Ï�Ï�ÁÙªÐ¾J¹]ªt·Ý±m¹"¶t±xÏ�¯»ÁJ¬º±Æ¦�¯�§x² ¼�§û·Jªt¹]Ü&¿Þ§m¬
¾J²J·Jªt¬º¹�¦�±m²J·J¯�²J© `J±]Å�§x¬®¦¨±x©m©x¯�²J©½±m²J·�´J¬s§m´µªt¬®¦�¯�¼½ª ¬ºªt¹º§mÏ»¾Ó¦¨¯»§m²JÌ

Ä&«JªÝ� �� ¼�ªt¹º§x² ¹º¯»©m²J±xÏ�¹¥±m¬sª�±mÏ»¹º§�¬sªt¶t§m²J¹�¦¨¬s¾J¶Z¦¨ªt·�Á¨×ÿø&Ô�ùÿ­j¯Ø¦�« ¦¨«Jª©eÓó"Ä ¦¨¬s¯�©x©mªt¬sÌSù®¯»©m¾J¬sª�ÊÆð
¹º«J§]­�¹�¦¨«Jª�¹º¯�©x²Î±xÏ�Ü�§m¿S±mÁµ§x¾Ó¦åíxðmÕ ªZÅ�ªt²�¦¨¹�¯»²	æmï Y ´ÎÁ ��� §x¿f·J±U¦¨±xÌ�Äf«Jª ¹�¦¨¾J·Ó×Û¶t±x²	¯»²	´J¬º¯»²J¶t¯�´JÏ»ª
Áµª ¼�±x·Jª ¾J¹º¯�²J©�¦¨«JªÖ´Î±x¬�¦�¯�±xÏ�Ï°×ú¬sªt¶t§m²J¹�¦¨¬s¾J¶Z¦¨ªt·ÿ¹]ªt¼½¯�Ï»ªt´Ó¦¨§x²J¯�¶ ·Jªt¶t±]× ä� �� O¨° � ä± ³ �� ´ Ì&ù�¯»©m¾J¬ºª�ÊÆð
N ¬s¯�©x«¨¦ R ¹º«J§z­j¹½¹º¾J¶ « ±ú¹º¯»©m²J±xÏS¿ß¬º§x¼ ¦¨«JªåÔ�ÕúªZ³r´µªt¬º¯»¼�ªt²¨¦�Ü�­j«J¯�¶ «�¦�±mÃxªt¹½±x·xÅW±x²¨¦¨±x©mªå§x¿q±áÏ�±x¬º©xª
±m¶t¶tªt´Ó¦�±m²J¶tª §x¿�¦¨«Jª ¼�¾J§m²�·JªZ¦�ªt¶Z¦¨§x¬ºÌ

�®¦s¦¨ªt¼�´Ó¦�¹�­�¯»Ï�ÏÙÁµª�¼�±x·Jª�¾J¹]¯»²J©q¦�«Jªt¹]ª�¹º¯»©m²J±xÏ�¹�¦¨§âÏ»§X§xÃ�¿ß§m¬|¦¨«Jª�§m¹º¶t¯»Ï�Ï»±Æ¦�¯�§x²J¹S±x²J·å´µ§x¹º¹]¯»ÁJÏØ× ¹ºªZ¦
±�Ï»§]­Öªt¬fÏ�¯»¼�¯°¦�§x²/� ç � ¦�§]­Ö±x¬º·"­j¯�²¨¦�ªt¬&æxÕmÕ Y Ì
éê. é4. ì :�
�CH7$39I ?$îÝ� �¦ ª � O 010 C/3E8EF	;JI

Ä&«Jª¸·Jªt¶t±]× ¼�§û·Îª � �¦ O § � § � Ü�¯»¿�¯Ø¦ ´J¬º§X¶tªtªt·J¹�§x²ÎÏ°× ¦�«J¬º§m¾J©x«Û± Q¬O 243 ¦¨¬sªtª'5�¦¨¬s±m²J¹º¯°Ò
¦¨¯»§m²JÜf¬sªt¶tªt¯ØÅÎªt¹�¦�«JªÐ´J«J±m¹ºªÐ§m¿�ð7698â¯»² ¦¨«JªÐ·Jªt¶t±z× N ­j«J¯�¶ «Ý¯»¹"±x²J©mÏ»ª;: R ±x²Î· ¦�«JªÐ´J«J±m¹ºªÐ§m¿�ð è ¦ ¯»²
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L = 264 pb

 22±N = 339 

S / B = 5.7

π φ → s=, Dπ s= D→ s=B

DØ RunII  Preliminary, Luminosity = 250 pb
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� �¦ ä� �¦ ¼�¯°³r¯»²J© N ­�«J¯»¶ «Ð¯�¹�� R ÌfÄf«Jªt¬ºªt¿Þ§m¬ºªtÜÙ¯Ø¦�¹SøU��±x¹�×r¼�¼½ªZ¦¨¬ × ¹]«J§x¾JÏ�·Ð±mÏ»Ï�§]­ ±â·JªZ¦¨ªt¬s¼�¯�²J±U¦¨¯»§m²Ð§m¿
¹º¯�²&æ N � T : R Ü�­�«J¯»¶ «�¹º«J§m¾JÏ»·�Áµª�¯�·Jªt²¨¦�¯�¶t±xÏ�¦�§¸¹º¯�²&æHG ¯�¿|¦¨«JªÖ¦¨¬s¯�±x²J©mÏ»ª�¶tÏ�§x¹ºªt¹ N G T � T : é § R Ì
�§]­�ªZÅ�ªt¬sÜm¦�«JªfªZ³r¯�¹�¦�ªt²J¶tª&§x¿ñ¦¨«Jª�QPO �I3÷´µªt²J©m¾J¯»²J5 ±m¼½´JÏ�¯°¦¨¾J·Jªf¶t§m¼½´JÏ�¯»¶t±Æ¦�ªt¹�¦�«Jª&¼½±Æ¦s¦¨ªt¬sÜÎ¼�±mÃû¯�²J©
¯°¦ Ï»ªt¹º¹j¹�¦¨¬s±m¯»©m«¨¦�¿ß§x¬�­�±m¬s·ÿ¦�§¸ªZ³û¦¨¬s±m¶Z¦�±m²J©xÏ�ªKG ¿ß¬s§m¼ ªZ³r´µªt¬º¯»¼�ªt²¨¦�±mÏ»ÏØ× §mÁJ¹ºªt¬ Å�ªt· ø��£±m¹�×r¼½¼�ªZ¦�¬�×ñÌ
ó�±m¬s¯�§x¾J¹�¹�¦¨¬º±U¦¨ªt©x¯�ªt¹�«J±]Å�ª�Áµªtªt²�´J¬º§x´Ù§x¹ºªt·ú¦¨§ ¹]§xÏØÅÎª"¦¨«J¯»¹]ÜqÁJ¾Ó¦�¦�«ÎªZ×Ú±m¬sª�²Î§U¦ ²Jªt¶tªt¹º¹º±m¬s¯�Ï°× ªt±x¹Q×
ªZ³r´µªt¬º¯»¼�ªt²¨¦�±mÏ»ÏØ×ñÌ

® ²Îª�´J¬º§x´Ù§x¹ºªt·áÁ¨×	ù�Ï»ªt¯�¹º¶ «Jªt¬"ÉØæxïmË$¯�¹�¾J²J¯»ÂX¾Jªâ¯»² ¦¨«J±U¦½¯°¦"¼�ªt±m¹º¾J¬sªt¹�ø�� ±m¹�×r¼½¼�ªZ¦�¬º¯»ª�¹�¯»² ¦�«Jª
� �� O � � � � ¼�§X·Jª½¯»² ¶t§m² LZ¾J²J¶Z¦�¯�§x²å­�¯°¦¨«å¦�«Îª<� �¦ O § � § � ¼�§û·Jª�Ü�±m²J· ªZ³X¦�¬º±x¶Z¦�±x²J©mÏ»ª�:î±x¹
­�ªtÏ�Ï¥±x¹�¦¨¬sªtª ±x²Î· ´Ùªt²J©x¾J¯�² ·Jªt¶t±z×�±m¼½´JÏ�¯°¦¨¾J·Jªt¹ºÜ�¦¨±xÃX¯�²J© ±x·ÓÅ`±x²¨¦¨±x©mª�§m¿$¦¨«Jª�´Ùªt²J©x¾J¯�² ´Ù§xÏ�Ï»¾Ó¦¨¯»§m²JÌ
È ¦�¯»¹qÁ¨× ²J§�¼�ªt±m²J¹�ªt±m¹�× ªZ³r´µªt¬s¯�¼½ªt²¨¦¨±xÏ�Ï°×ñÜ|ÁÙªt¶t±x¾J¹]ªj¯°¦�¯�²�Å�§xÏØÅÎªt¹qªZ³X¦�¬º±x¶Z¦¨¯»§m²¸§m¿�øU� ±m¹�×Ù¼�¼�ªZ¦�¬º¯»ªt¹
¼�§û·J¾JÏ�±U¦¨ªt·"­�¯°¦¨«/� ç � ÌÄ&«JªSÍÎ¬s¹�¦&¹�¦¨ªt´�¦�§]­Ö±x¬º·�¦¨«J§x¹]ªS¼�ªt±x¹º¾J¬ºªt¼�ªt²�¦¨¹r­j¯�Ï»Ï`ÁÙª$¦¨§Ö¹ºªtª�¦�«Jªf¹º¯»©m²J±xÏ�¹�§x¿ñ¦�­�§ÆÒ]Áµ§X·Ó×Ð·Jªt¶t±]×r¹
§m¿�¦�«Jªj� ¼�ªt¹º§m²J¹ºÌÛø&Ô�ù ¾J¹ºªt¹"±ú·J±Æ¦�±ú¹º±m¼½´JÏ�ª�¦�¬º¯»©m©xªt¬ºªt· ¾J¹]¯»²J©�eÓó"ÄfÌSù�¯�©x¾J¬ºª Ê Y ¹]«J§]­j¹�¦�«Jª
¯»²¨Å`±x¬º¯»±m²�¦�¼½±m¹º¹�¹º´µªt¶Z¦¨¬º¾J¼ §x¿�¦�­�§ÆÒQ¦¨¬s±m¶zÃ ´J±m¯»¬º¹ºÜ¥­�«Jªt¬ºª"¦¨«Jª¸´J¯»§m²Û¼½±m¹º¹�¯»¹�±m¹º¹º¾J¼�ªt·�¿ß§m¬�Áµ§Æ¦�«
¶ «J±x¬º©xªt·á´J±x¬�¦�¯�¶tÏ»ªt¹ºÌd� ¶tÏ�ªt±x¬�¹º¯»©m²J±mÏ�§m¿ �xÕmÕ ªZÅ�ªt²¨¦�¹�¯�¹�§mÁJ¹ºªt¬�ÅÎªt·�²Jªt±m¬�¦¨«Jªº� ¼�ªt¹º§x²á¼½±m¹º¹ºÌ�Äf«Jª
´µªt±mÃj¯�¹®±x¶Z¦¨¾J±xÏ�Ï°×ÐªZ³r´µªt¶Z¦¨ªt·q¦¨§�ÁÙª�±Ö¼½¯Ø³û¦¨¾J¬sªS§m¿Î¿ß§x¾Î¬�·Jªt¶t±]×Ð¼½§X·Jªt¹ºÜ � �¦ O � � § � ±x²J· O¨§ � § � Ü
±m²J· � �� O � � � � ±m²J·jO � � § � ÌU� ýá§x²¨¦�ª�ø&±x¬ºÏ»§"¶t±xÏ�¶t¾JÏ»±Æ¦�¯�§x²å§m¿`¦¨«Jª�¼½±m¹º¹S¹º´µªt¶Z¦¨¬s±"§x¿J¦�«Jªt¹ºª
·Jªt¶t±]× ¼½§X·Jªt¹"¯�¹â¹]«J§]­j² ¯�²Ýù®¯»©m¾J¬sª Ê Y>N ¬º¯»©m«¨¦ R Ì>eJ´Ùªt¶t¯»ÍJ¶å¯»§m²J¯�Ñt±U¦¨¯»§m²Ý¼�ªt±x¹]¾J¬sªt¼�ªt²¨¦�¹ NNMPO ô M'Q R¯»² ¦¨«Jª ¼�±m¯»² ¦�¬º±x¶ ÃX¯»²J©Ý¶z«Î±x¼�ÁÙªt¬ ±x¬ºª�¾J¹ºªt· ¦�§	¹ºªt´Î±x¬º±U¦¨ª ÃO±x§m²J¹Ð±x²J· ´J¯»§m²J¹Ð¹�¦�±Æ¦�¯�¹�¦¨¯»¶t±mÏ»ÏØ× ±m²J·JÜ
¦¨§x©mªZ¦�«Jªt¬f­j¯Ø¦�«ÿ¦�«Îª½¼�±x¹]¹j·J¯»¹�¦¨¬s¯�ÁJ¾Ó¦�¯�§x²Î¹ºÜ�¦�§�ª�¹�¦�¯�¼½±Æ¦�ªÖ¦¨«Jª½¼�¯Ø³û¦¨¾J¬sª�§m¿|¦¨«Jª�¿Þ§m¾J¬ ·Jªt¶t±z× ¼�§X·Jªt¹ºÌ
Ä&«Jª�±m´J´J¬s§z³Ù¯�¼�±U¦¨ª�×r¯�ªtÏ»·J¹å±m¬sª Y Õ1�Ý¿ß§x¬j� �¦ O � � § � ÜÐÊUímðÝ¿ß§x¬j� �¦ O § � § � Üj±m²J· æmíxæ ¿Þ§m¬
� �� O � � � � Ì

Ä&«J¯»¹�¬sªt´J¬ºªt¹ºªt²¨¦�¹Ö¦¨«Jª�ÍJ¬º¹�¦¸§mÁJ¹ºªt¬�ÅW±U¦¨¯»§m²�§m¿�¦¨«Jª�·Jªt¶t±]× � �� O � � � � Ì Ä&«Jª�¬s±Æ¦�¯�§ §m¿¥¦�«Jª
´J¬º§û·J¾J¶s¦�¯�§x²�¿ß¬s±m¶Z¦�¯�§x²J¹�¦�¯�¼½ªt¹�¦�«Jª ÁJ¬º±x²J¶ «J¯�²J©½¿ß¬s±m¶Z¦�¯�§x²J¹�¯»¹&¼�ªt±m¹º¾J¬sªt·"¦¨§½ÁÙª�É°æ � Ë

K N ä QPO � �� RSR � N � �� O � � � � RK N ä QPO � �¦ RSR � N � �¦ O � � § � R é Õmë»ðxê�ìîÕmëoÊUæ�ìîÕmë»Õ � ë
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pScUnQnQPsn�cUNQP¥cUnQnQILKUgdPZh [Q_&PZcU �uÖaOcUNQ[�IL ZvLPty�{|ILKUut[]Tµ¢j_ g�[QPq¤`cUNQvL_&nQILp¥MOv�cU[QI�_Ug _UYÎ[�uOP�pScUnon�noaxPZ Z[QNQc&Y\_ N$Y�_UMdN$hdPs Zc]~
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��Ï»¹º§Ö¦¨«Jª ¬s±Æ¦�¯�§½§m¿�¦�«Jª ÁJ¬º±x²J¶ «J¯�²J©½¿ß¬s±m¶Z¦�¯�§x²Î¹&¿ß§x¬®¦�«Jª�� �¦ ¼½ªt¹º§m²�¯»¹�ªZ³û¦¨¬s±m¶Z¦¨ªt·"¦�§�Áµª
� N � �¦ O¨§ � § � R� N � �¦ O � � § � R é Õmë»æxïqìÛÕñëQÊmÊ�ìÛÕñë\Õmï1Z

±m¹®­�ªtÏ�Ï�±m¹&·J¯»¬ºªt¶Z¦�øU�î±x¹�×r¼�¼½ªZ¦¨¬ ×ú¯�²"¦�«Jª�� �¦ O � � § � ·Jªt¶t±z×

V/WYX N �à�àO ���)§ � RæL
M�NÎä� � O � � § � R g M�N � � O � � § � RM�N ä� � O � � § � R�T M�N � � O � � § � R éòg Õmë»Õxð�ìîÕmë»ÕxêqìÛÕñë\Õ�ÊÆë

Ä&«Jª½Ï»±Æ¦s¦¨ªt¬ ¯»¹jÁµªt¶t§x¼�¯�²J©ÿ¶t§m¼½´ÙªZ¦�¯Ø¦�¯ØÅÎª�¯»² ´J¬ºªt¶t¯»¹]¯»§m²å­j¯Ø¦¨«å¦�«Jª<�SªtÏ»Ï�ª½±x²J· �S±��S±x¬ ¬ºªt¹º¾JÏØ¦�¹ºÌÿÈ÷² ±
Ï»§m²J©mªt¬�¦¨ªt¬s¼ ­�ª «J§m´µªS¦¨§½¼�ªt±x¹º¾J¬ºª ±x²Î©xÏ�ªZ:¸­j¯Ø¦�«½¦�«Jª ù®Ï»ªt¯�¹º¶ «Jªt¬f¼�ªZ¦�«J§X·JÌ
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L = 179 
12 events in search window

0.62±Expected BG events = 1.95 

mJnporq�sNtvuxw#y{z|t+}+~r���N�NsNq�}+�Nt+���{��mK�Nn�or���r����~r���.�����P�v�����pt+�����{�9���;���� ���H����sNn�or�'���N�



���¡ H�£¢¥¤¡¦'§©¨Yª�¨¬«­§©¨¬®°¯±¤+ª�«³²µ´ ¶�· ¸P§©¨�¹'º »
¼¾½À¿"ÁÃÂ'Ä'ÅHÆJÇÉÈÊÁÃËJÄ+ÈÊÇ.ÈYÌJÂ ²°Í³´ ¶�·ÎÍ/Ï ÂYÄ'Ð�Ñ�Ç£ËJÇ¬ÒÓÆ�ÔvÈÊÌJÂ¥Õ Ö�×"ÈYÁ¬ÒÓÔHÔ#Â'Á¬ØZ¿�ÒÙÔ#ËJÁ¬Â°ÚrÛ�Ç¬ÌJÅ�ÜSÇ.ÈYÌJÂ

Ç¬ÒÙÔ#ÆJÐHÝ)ÅHÞ�Ð#ß�ÅHË ÈSà#áKÂ+â�Â'ÆÊÈÊÇ¬ØZ×¾ÌJÂ�ÁÃÐ,ÈYÒÙÅ�ÅHÞ�ßJÁÃÐHÆJÄ9ÌJÒÓÆJÔKÞ¡ÁÃÐHÄ+ÈYÒÙÅ#ÆJÇ¾ÒÙÇ¾ãKÂ'Ð#Ç¬ËJÁ¬Â Ï ÈÊÅ�ß�Â
äÀå ² Í ´ ¶�· Í�æ

äÀå ² Í ´ ç�è,é¥· Í æ�ê åÉáHëÓì#ívîïáPëNÚ,ðvîñáPë�áHì æ�ò Úráôó#õÊë

×¾ÌJÂ Ï Â'Ä'Ð�Ñ"öJÁ¬ÅôÄ'Â'Â Ï Ç�ÈYÌJÁ¬ÅHËJÔ#Ì÷ÈÊÌJÂ�Ç¬ÐHã�Â�øùËJÐHÁÃúûÝÙÂ+â�Â'Ý�ÈÊÁÃÐHÆJÇ¬ÒüÈÊÒÓÅHÆ�ý ´ þHÿþ�þ Ð#Ç�ÈÊÌJÂ ²���´ ¶�·���ãKÅ Ï Â'Ø£×¾ÌJÂ'ÁÃÂ'Þ¡Å#Á¬Â£ÒÙÞ�ÆJÂ+Ü öJÌÊÑ�Ç¬ÒÙÄ'Ç�öJÌ�Ð#Ç¬Â£Â���ÒÙÇÉÈYÇ±ÒüÈZÇ¬Ì�Å#ËJÝ Ï Ç¬ÌJÅ�Ü ËJö�ÒÙÆ ÈÊÌJÒÓÇ±ã�Å Ï Â£ÐHÇ�Ü Â'ÝÓÝÙØ�½ ÒÓÁ¬Â'Ä+È
¼��ñÐHÇÉÑ�ã�ãKÂ+ÈYÁÉÑ�ÒÓÇ¾ãKÂ'Ð#Ç�ËJÁÃÂ Ï ÈÊÅ�ß�Â

�
	�� ê�
 áPë�áHìvîïáHë Úrì�Í���� ���ó ��� �����
ÜSÌJÒÓÄ9Ì Ï ÅùÂ'ÇvÆ�ÅrÈ;Ç¬Â'Â'ã ÈYÅ Ç¬ÌJÅ©Ü Ð ÝÙÐ#Á¬Ô#Â Ï Â+â�ÒÙÐrÈÊÒÓÅHÆûÞ¡Á¬Å#ã��'Â'Á¬Å��|ÐHÆ Ï ÐHÔ#ÐHÒÓÆûÐHÄ9ÌJÒÓÂ+â­Â'ÇvÐ öJÁ¬Â'Ä'ÒÓÇ¬ÒÙÅ#Æ
Ä'ÅHã�öJÐHÁÃÐHßJÝÓÂ ÈÊÅ ² Þ¡ÐHÄ+ÈYÅHÁ Ñ�ãKÂ'Ð#Ç¬ËJÁ¬Â'ãKÂ'ÆYÈÊÇ¬Ø

�¥ÆJÅ,ÈYÌJÂ'Á;ý ´ þHÿþ�þ ÈÊÁÃÐHÆJÇ¬Ò ÈYÒÙÅ#Æ ãKÅ Ï Â ÌJÐHÇSß�Â'Â'Æ Ç¬Â'Â'Æ"ÐrÈ�¼¾½À¿�Ø�� È�ÒÓÇvÈYÌJÂ ²�� ´ ¶�¶�Ï Â'Ä'Ð©Ñ
ãKÅ Ï Â��{Ü1Ì�Å#Ç¬Â�Ç¬ÒÙÔ#ÆJÐHÝ�ÒÓÇ¾Ç¬Ì�Å�Ü1Æ/ÒÙÆ/¿�ÒÙÔ#ËJÁ¬Â ÚrÛKÐHÇ±ÜÀÂ'ÝÙÝÓØ

!#"%$'&)(+*-,/.#0�12&3(

×¾ÌJÂ ×�Â+â7Ð,ÈYÁ¬Å#Æ54vËJÆ�67�8��öJÁ¬Å#ÔHÁ¬Ð#ã ÒÙÇ�ÒÙÆ�öJÁ¬Å#ÔHÁÃÂ'Ç¬Ç|Ç¬ÒÙÆJÄ'Â íHá#á­ÚrØ:9 ÅrÈÊÌ�¼¾½À¿³Ð#Æ Ï ½Àá¾Â;��ö�Â'Á¬ÒÓãKÂ'ÆÊÈYÇ
ÌJÐ�â­ÂÎÐ#Ä'Ä'ËJã�ËJÝÓÐ,ÈYÂ Ï Á¬Å#ËJÔHÌJÝüÑ=< â�ÂIÈÊÒÓãKÂ'Ç/ã�ÅHÁÃÂ Ï Ð,ÈYÐ�ÈYÌJÐHÆ ÒÓÆ>4vËJÆ>��� Ü1Ò ÈYÌ ã;ËJÄ9Ì ÒÓãKöJÁ¬Å�â�Â Ï
Ï Â+ÈÊÂ'Ä+ÈYÅHÁÃÇ¬Ø@?�ÐHÆYÑ öJÌYÑ�Ç¬ÒÙÄ'ÇÀÁ¬Â'Ç¬ËJÝ ÈYÇ ÌJÐ�â�Â°ß�Â'Â'Æ ö�ÁÃÅ Ï ËJÄ'Â Ï ÐHÆ Ï ãKÅ#Á¬Â�ÐHÁÃÂ°Â;��ö�Â'Ä+ÈYÂ Ï ÒÓÆ÷ÈÊÌJÂ�ÆJÂ'ÐHÁ
Þ¡Ë ÈYËJÁ¬Â'ØZ×¾ÌJÂ+Ñ�Ä'Å#ËJÝ Ï ß�Â�Ç�ËJã�ãKÐ#Á¬ÒA�'Â Ï ÐHÇ¾Þ¡Å#ÝÙÝÓÅ©Ü1Ç¬Ø

BDC ÝÙÂ'Ä+ÈYÁ¬Å�ÜÀÂ'ÐHú�öJÌÊÑ�Ç¬ÒÓÄ'Ç
� Á¬Å Ï ËJÄ+ÈYÒÙÅ#Æ;ÅHÞ ÜÀÂ'ÐHú£â­Â'Ä+ÈÊÅ#Á�ß�Å#Ç�Å#ÆJÇ�ÌJÐHÇ�ß�Â'Â'Æ;ã�Â'ÐHÇ¬ËJÁÃÂ Ï ÐrÈ Ð ÆJÂ+Ü Ä'Â'ÆÊÈYÂ'Á�Å#ÞJãKÐ#Ç¬Ç�Â'ÆJÂ'ÁÃÔ,Ñ-�
Ð#Æ Ï ÌJÐ#ÇûöJÁ¬Å�â�Ò Ï Â Ï Å#öJö�Å#ÁÉÈYËJÆJÒ ÈYÒÙÂ'Ç�ÈYÅ ÇÉÈÊË Ï ÑµÂ'ÝÙÂ'Ä+ÈYÁ¬Å�ÜÀÂ'ÐHú öJÌJÂYÆJÅ#ãKÂ'ÆJÐ�â�Â'ÁÉÑµöJÁ¬Â'Ä'ÒÓÇ¬Â'Ý ÑPØ
��ÐHÒÓÁ¬Ç°ÅHÞvÔHÐ#Ë�Ô#Â³ß�ÅHÇ¬Å#ÆJÇ�ÐHÁÃÂ³ÆJÅ�Ü4ß�Â'ÒÓÆJÔ�ö�ÁÃÅ Ï ËJÄ'Â Ï ÒÓÆ ÁÃÂ'ÐHÇ¬ÅHÆJÐ#ßJÝ Ñ ÌJÒÙÔ#Ì ÇÉÈÊÐrÈÊÒÓÇÉÈÊÒÓÄYÇ8�vÐ#Æ Ï
ÒÓÆÊÈÊÂ'ÁÃÐHÄ+ÈYÒÙÅ#ÆJÇZÐHã�ÅHÆJÔ�Ô#ÐHËJÔ#Â ß�Å#Ç¬ÅHÆJÇ�ÜSÒÓÝÙÝ�ß�Â ÇÉÈYË Ï ÒÙÂ Ï ÒÙÆ Ï Â+ÈYÐHÒÓÝÙØE?�Â'ÐHÇ¬ËJÁ¬Â'ã�Â'ÆÊÈYÇ¾Å#Þ�ÈÊÌJÂGF
ß�Å#Ç�Å#Æ/ãKÐ#Ç¬ÇvÒÓÇ¾ÐKÌJÒÓÔHÌ/öJÁ¬ÒÓÅHÁÃÒ ÈxÑ�ÒÓÆ°ÈÊÌJÂ�ÆJÂ'ÐHÁ�ÈÊÂ'ÁÃã Þ Ë#ÈYËJÁ¬Â'Ø

B ×.ÅHö/øùËJÐ#Á¬ú�öJÌÊÑ�Ç¬ÒÙÄ'Ç
×.ÅHö"øùËJÐ#Á¬ú�ö�Ð#ÒÙÁSöJÁ¬Å Ï ËJÄ+ÈÊÒÓÅHÆ"ÌJÐ#Ç;ß�Â'Â'Æ"Ä'Å#ÆH<JÁ¬ãKÂ Ï ÒÙÆI4vËJÆI��� Ï ÐrÈÊÐ#ØKJ¥Â+Ü öJÁÃÂ'Ä'ÒÙÇ¬ÒÓÅHÆ"ÒÓÆ
ã�Â'ÐHÇ¬ËJÁ¬Â'ã�Â'ÆÊÈÊÇZÅHÞ�öJÁÃÅ Ï ËJÄ+ÈÊÒÓÅHÆ³Ä'Á¬ÅHÇ¬Ç¾Ç¬Â'Ä+ÈÊÒÓÅ#Æ�Ç¾Ð#Æ Ï ãKÐ#Ç¬Ç¾ÒÙÇ¾Â;��ö�Â'Ä+ÈÊÂ Ï ÐHÆ Ï ÒÓÆ/Ç�Å#ãKÂ Ä'ÐHÇ¬Â'Ç
ÒÓÇ;ÐHÝÓÁ¬Â'Ð Ï Ñ ÐHÄ9ÌJÒÓÂ+â­Â Ï ØL?�ÐHÆYÑñÆJÂ+Ü Ï ÒAM�Â'ÁÃÂ'ÆÊÈIã�Â'ÐHÇ¬ËJÁ¬Â'ã�Â'ÆÊÈÊÇvÜ1ÒÙÝÓÝ�ß�Â÷ö�Â'ÁÃÞ¡Å#Á¬ãKÂ Ï ��ÈYÐHúôÒÙÆJÔ
Ð Ï â{Ð#ÆÊÈYÐHÔ#ÂSÅ#Þ±Â;��ö�Â'Ä+ÈYÂ Ï íHáN6�Þ¡Å#Ý Ï ÒÓÆJÄ'Á¬Â'Ð#Ç¬ÂSÒÙÆ�ÈÊÌJÂ Ï Ð,ÈYÐ÷Ç¬Ð#ãKöJÝÓÂSÐ#Æ Ï ðHá�O ÒÙÆJÄ'ÁÃÂ'ÐHÇ¬ÂSÒÓÆKÈYÌJÂ
öJÁÃÅ Ï ËJÄ+ÈÊÒÓÅHÆûÄ'Á¬Å#Ç�ÇvÇ�Â'Ä+ÈYÒÙÅ#ÆJØ ¼ZÅHã;ßJÒÙÆJÂ Ï ÜSÒüÈÊÌPF ß�ÅHÇ¬ÅHÆûãKÐ#Ç�Ç ã�Â'ÐHÇ¬ËJÁÃÂ'ãKÂ'ÆÊÈYÇ7�JÈÊÅ#ö%øùËJÐ#Á¬ú
ã�ÐHÇ¬Ç¾ãKÂ'Ð#Ç¬ËJÁ¬Â'ãKÂ'ÆYÈÊÇ±ÜSÒÓÝÙÝ)öJÁ¬Å�â�Ò Ï Â�ÒÙÆ Ï ÒÙÁÃÂ'Ä+ÈSÒÓÆJÞ¡Å#Á¬ã�Ð,ÈÊÒÓÅHÆ/Å#Æ°ÈÊÌJÂGQ¥ÒÓÔHÔ#Ç¾ß�Å#Ç¬ÅHÆ/ãKÐ#Ç¬Ç¬Ø

B 9 ÅrÈ¬ÈYÅHã øùËJÐ#Á¬ú�öJÌÊÑ�Ç¬ÒÓÄ'Ç
¼Z½ ¿�ÌJÐHÇ±â7ÐHÇÉÈYÝ Ñ�ÒÓãKöJÁ¬Å�â�Â Ï ÒüÈÊÇ ² öJÌÊÑ�Ç¬ÒÓÄ'ÇvÄ'Ð#öJÐHßJÒÓÝÙÒüÈ�Ñ�ßYÑ�ÒÙÆYÈÊÁ¬Å Ï ËJÄ'ÒÙÆJÔKÐ Ï ÒÙÇ¬öJÝÙÐ#Ä'Â Ï ÈÊÁÃÐHÄ9ú
ÈYÁ¬ÒÓÔHÔ#Â'Á8��Â'ÆJÐHßJÝÓÒÙÆJÔvÈYÅ;Ä'ÅHÝÓÝÙÂ'Ä+È ² Ï Â'Ä'Ð�Ñ�Ç�ÒÙÆÊÈYÅR<JÆJÐHÝ­ÇÉÈÊÐrÈÊÂ'Ç�Ä'ÅHÆJÇ¬ÒÙÇÉÈYÒÙÆJÔ;Å#ÆJÝ ÑûÅ#Þ)ÌJÐ Ï Á¬Å#ÆJÇ¬Ø ½ á



ÒÓÇ¾ÐHÝÓÇ�Å�Ä'ÅHã�ãKÒÓÇ¬Ç�ÒÓÅHÆJÒÓÆJÔKÐÀÈÊÁÃÒÙÔ#ÔHÂ'Á¾ËJÆ Ï Â'Á�ÈÊÌJÂ�Ç¬ÐHã�Â�öJÌJÒÙÝÓÅHÇ¬Å#ö�ÌYÑPØ
¼Z½ ¿ Ð#Æ Ï ½ áIÄ'ÅHËJÝ Ï ö�ÁÃÅ�â�Ò Ï Â°ËJÇ¬Â'Þ¡ËJÝ�ÐHÆ Ï ËJÆJÒÓøùËJÂ°ãKÂ'Ð#Ç¬ËJÁ¬Â'ãKÂ'ÆYÈÊÇ Å#Þ�ý ´ þ ÈYÁ¬Ð#ÆJÇ�ÒüÈÊÒÓÅHÆJÇ8�
ÒÓÆJÄ'ÝÙË Ï ÒÓÆJÔ ²�� ÿ²�� ÅHÇ¬Ä'ÒÓÝÙÝÓÐ,ÈYÒÙÅ#Æ�Ç8�ZÇ�Â'Ð#Á¬Ä©ÌJÂ'Ç°Þ¡Å#Á ²�� ´ S ÍTS ó Ï Â'Ä'Ð�Ñ�Ç°Ð#Æ Ï ÆJÅ#Æ�67�'Â'Á¬Å÷Ü1Ò Ï ÈYÌ
Ï ÒAM�Â'ÁÃÂ'ÆJÄ'ÂGU@V  �)ÐHÆ Ï ÇÉÈÊË Ï ÒÓÂ'ÇvÅ#Þ Ï Â'Ä'Ð�Ñ�Ç ²�� ´ ç�èréÀ¶ � ²�� ´ ·�Í�· ó �)ÐHÆ Ïû²µ´ ¶�· Ø

�xÆ ÈÊÌJÂ³ÆJÂ'Ð#Á�Þ Ë#ÈYËJÁ¬Â��vÂ'ÐHÄ©Ì ÅHÞ ÈYÌJÂ³¼¾½À¿µÐ#Æ Ï ½ÀáÎÂ;��ö�Â'Á¬ÒÓãKÂ'ÆYÈÊÇ�ÒÙÇ�Â;��ö�Â'Ä+ÈYÂ Ï ÈÊÅ�Ä'ÅHÝÓÝÙÂ'Ä+ÈûÐ#ß�ÅHË È
í°Þ¡ß óXW ÅHÞ|ÒÓÆÊÈÊÂ'Ô#Á¬ÐrÈÊÂ Ï ÝÙËJã�ÒÙÆJÅ#Ç¬Ò ÈxÑPØZYïÂÀÌJÅHö�Â�ÈÊÅ°Ç¬Â'ÂÀÇ¬ÅHã�Â Â;��Ä'ÒüÈÊÒÓÆJÔ°ãKÂ'Ð#Ç¬ËJÁ¬Â'ã�ÂYÆYÈÊÇ Ä'ÅHã�Â Å#Ë È�ÅHÞ
ÈÊÌJÂ Ï ÐrÈÊÐ#Ø

[#"%\]*_^`(#&ba',/cTd#e3cgfLcT(ih�0

��ÜÀÅ#Ë�Ý Ï ÝÙÒÓúHÂZÈÊÅ ÈÊÌJÐ#ÆJú;ÈÊÌJÂ1Å#Á¬ÔHÐ#ÆJÒj�'Â'ÁÃÇvÅHÞ�ÈYÌ�Â1¼ZÅHÆJÞ¡Â'ÁÃÂ'ÆJÄ'Â��|ÒÙÆûöJÐ#ÁÉÈÊÒÓÄ'ËJÝÙÐ#Ák� Á¬Å#Þ¡Â'Ç¬Ç�Å#Ákl�Ð#ÅHÁÃË
Q¥Ð#ÔHÒüÜ Ð#Á¬Ð�Ð#Æ Ï ½ÀÁ¬ØmJ¥Å#ßJËJÄ9ÌJÒÙú�Ðon�ú�Ð Ï Ðp�vÞ ÅHÁ¥ÈÊÌJÂ'ÒÓÁ°ÌJÂ'ÝÙöH�vÐ#Æ Ï ÐHÝÓÇ¬ÅÎöJÐrÈÊÒÓÂ'ÆÊÈÊÝüÑ Ü Ð#Ò ÈYÒÙÆJÔ�Þ¡Å#Á°ã Ñ
ÜSÁÃÒ ÈYÒÙÆJÔ ÈYÌ�ÒÓÇq�
ÁÃÅùÄ'Â'Â Ï ÒÓÆ�Ô#Ç Ä'Å#ÆÊÈÊÁÃÒÙßJË ÈÊÒÓÅHÆJØr?�ÐHÆÊÑIãKÂ'ã;ß�Â'Á¬Ç Å#ÞôÈYÌJÂ¾¼¾½À¿�ÐHÆ Ï ½ á�¼¾Å#ÝÙÝÓÐHß�Å#Á¬Ð,ÈYÒÙÅ#ÆJÇ
ÌJÂ'ÝÙö�Â Ï ã�Â Ï ËJÁÃÒÙÆJÔ1ÈYÌ�ÂSöJÁ¬Â'öJÐ#Á¬ÐrÈÊÒÓÅHÆ�Å#Þ±ã Ñ³ÈÊÐ#ÝÙú³ÐHÆ Ï ÈÊÌJÒÓÇ¥ãKÐ#ÆùËJÇ¬Ä'Á¬ÒÓö ÈÊØ1×¾ÌJÂ+Ñ ÒÙÆJÄ'ÝÓË Ï Â C â�Â'Ý Ñ�Æ
×¾ÌJÅ#ãKöJÇ¬Å#ÆH�s?�ÐHÁÃÄ'Å ÖvÂ'Á��YÅôÄ'Ä9ÌJÒj�`�¥ÁÃÆùËJÝÙÞ#t�ËJÐ Ï È��`�¥ËJÁ¬Â'ÝÓÒÙÅ'uPËJÇÉÈÊÂ'Ø

v "%w�cgxycTz�cT(#*pcT0

{ ÚN| Ö°Øs9 ËJÂ'Ç¬Ä9ÌJÂ'Á��{ÈYÌJÂ'Ç¬ÂG�
Á¬ÅôÄ'Â'Â Ï ÒÙÆJÔHÇ¬Ø
{ í�|�¼¾½À¿ ¼ZÅHÝÓÝÙÐ#ß�ÅHÁ¬ÐrÈÊÒÓÅHÆH�)ÌJÂ'ö�6�Â;�~}Há��Há#ÛHá#ìp�ûåÉíHá#áp� æ �)Ç¬ËJß�ã�Ò ÈÃÈÊÂ Ï ÈYÅ@� «Pº »��i� §8�ù�i��§ÊªNªN�

½ á�¼¾Å#ÝÙÝÓÐHß�ÅHÁÃÐ,ÈYÒÙÅ#ÆH�
ÌÊÈ¬ÈYöH�j}�},ÜZÜ¾ÜE6 Ï áHØÓÞ¡ÆJÐHÝÓØÙÔ#Å�âi}p4vËJÆJí��
ÌÊÑ�Ç¬ÒÓÄ'Ç7}NY�Y�Y=}#Á¬Â'Ç¬ËJÝ ÈYÇ8} C Y�} C á#ìp} C á#ìHØÓö Ï Þ¡Ø

{ ð�|G��Ø#uPØ�ÕJË È¬ÈÊÅ#ÆH�Z�¥Ø�½ÀØ#?�ÐHÁ ÈÊÒÓÆH�Z4vØ#�1Ø#4vÅHß�Â'Á ÈÊÇ8�)YµØ#uPØ�Õ ÈÊÒÓÁ¬ÝÓÒÙÆJÔ��Z� «Hº »���� §8�ù�|¢=� ! íHð��p�
å¬ÚN�p�#í æ Ø
��ØsuPØ`4 Ò��+ú#Â'Æ/ÐHÆ Ï YµØs�|Ø{â7Ð#Æ
J¥Â'Â'ÁÉâ�Â'ÆH�s� «Pº »��i�¥§��ù��¢ !#� ���%åÃÚ����Hà æ Ø
4vØsQ ÐHã;ß�Â'ÁÃÔp�bYµØ`�|Ø{â7Ð#Æ
J¥Â'Â'Á â­Â'Æ/Ð#Æ Ï ×ZØs?�ÐrÈÊÇ¬ËJËJÁ¬Ð��s�k� ¨���� � «Hº »������ !3� ð��HðûåÃÚ����­Ú æ �
ÒÙßJÒ Ï Ø � [ �3� �Há#ð%å íHá#áHí æ å C æ Ø
4vØ{Ö°Ø`Q¥ÐHÁÃÝÙÐ#Æ Ï Â'Á8�bY Ø`9 Øsl�ÒÓÝÙÔ#ÅHÁÃÂ��s� «Pº »��i�¥§��ù�i��§ÊªNªN�H�3� ��í#á­ÚN�Há�ÚKå íHá#áHí æ Ø

{ ��|�½ á�¼¾Å#ÝÙÝÓÐHß�ÅHÁÃÐ,ÈYÒÙÅ#ÆH�
ÌÊÈ¬ÈYöH�j}�},ÜZÜ¾ÜE6 Ï áHØÓÞ¡ÆJÐHÝÓØÙÔ#Å�âi}p4vËJÆJí��
ÌÊÑ�Ç¬ÒÓÄ'Ç7}NY�Y�Y=}#Á¬Â'Ç¬ËJÝ ÈYÇ8} C Y�} C á#Ûp} C á#ÛHØÓö Ï Þ¡Ø

{ à�|�¼¾½À¿ ¼ZÅHÝÓÝÙÐ#ß�ÅHÁ¬ÐrÈÊÒÓÅHÆH�
ÌÊÈ¬ÈYöH�j}�},ÜZÜ¾ÜE6�Ä Ï Þ¡ØÙÞ ÆJÐHÝÓØÙÔ#Å©â~}HöJÌÊÑ�Ç¬ÒÓÄ'Ç8}HÂ+Ü1úT}Hí#áHá��p}rÜ¾Ü5}HØ

{ Û�|GuPØs?�Ø�¼ZÐHã�öJß�Â'ÝÓÝ�Ð#Æ Ï 4 Ø`l�Ø C ÝÙÝÓÒÙÇ8�s� «Pº�»��r� §8�ù�£¢ [3� �
Ú#Ú,ð#áHá#Û%å¬ÚN�p��� æ Ø
uPØ C ÝÓÝÙÒÓÇ¬ÅHÆ/Ð#Æ Ï uPØbYïË Ï ú�Ðp�`�E�X� �~�¥§��ù� ��� ¨���� � ¹'¦ ªN�i�.¨¬¤��H�3� � ÚKåÃÚ����p� æ Ø

{ ì�|�¼¾½À¿ ¼ZÅHÝÓÝÙÐ#ß�ÅHÁ¬ÐrÈÊÒÓÅHÆH�
ÌÊÈ¬ÈYöH�j}�},ÜZÜ¾ÜE6�Ä Ï Þ¡ØÙÞ ÆJÐHÝÓØÙÔ#Å©â~}HöJÌÊÑ�Ç¬ÒÓÄ'Ç8}HÂ+Ü1úT}Hí#áHá��p}rÜ��'Ô Ä'ÅHã;ßJÒÓÆJÂ Ï }#Ø
½ á�¼¾Å#ÝÙÝÓÐHß�ÅHÁÃÐ,ÈYÒÙÅ#ÆH�
ÌÊÈ¬ÈYöH�j}�},ÜZÜ¾ÜE6 Ï áHØÓÞ¡ÆJÐHÝÓØÙÔ#Å�âi}p4vËJÆJí��
ÌÊÑ�Ç¬ÒÓÄ'Ç7}NY�Y�Y=}#Á¬Â'Ç¬ËJÝ ÈYÇ8} C Y�} C á�Ú�} C á�Ú,ØÓö Ï Þ¡Ø

{ ��|�¼¾½À¿ ¼ZÅHÝÓÝÙÐ#ß�ÅHÁ¬ÐrÈÊÒÓÅHÆH�
ÌÊÈ¬ÈYöH�j}�},ÜZÜ¾ÜE6�Ä Ï Þ¡ØÙÞ ÆJÐHÝÓØÙÔ#Å©â~} ÜSÒüÈ¬ÈYÒÙÄ9ÌH} Ï ÒÙÝ öJÁ¬ÝA}HØ
½ á�¼¾Å#ÝÙÝÓÐHß�ÅHÁÃÐ,ÈYÒÙÅ#ÆH�
ÌÊÈ¬ÈYöH�j}�},ÜZÜ¾ÜE6 Ï áHØÓÞ¡ÆJÐHÝÓØÙÔ#Å�âi}p4vËJÆJí��
ÌÊÑ�Ç¬ÒÓÄ'Ç7}NY�Y�Y=}#Á¬Â'Ç¬ËJÝ ÈYÇ8}H×EnG��}H×ZáHà�}H×ZáHà#ØÙö Ï Þ¡Ø



{ ��|�¼¾½À¿ ¼ZÅHÝÓÝÙÐ#ß�ÅHÁ¬ÐrÈÊÒÓÅHÆH�
ÌÊÈ¬ÈYöH�j}�},ÜZÜ¾ÜE6�Ä Ï Þ¡ØÙÞ ÆJÐHÝÓØÙÔ#Å©â~}HöJÌÊÑ�Ç¬ÒÓÄ'Ç8}HÆJÂ+Ü�}rÈÊÅ#öH}HöJËJßJÝÓÒÙÄ�}#Ý �+Â+ÈYÇ8}H×�Å#öH¡¥Ç¬Â'Ä+ÈÊÒÓÅHÆJÕJÂ'Ä+Ö¥È��i}#öJË�ßJÝÓÒÙÄ'ØÓÌÊÈYãKÝÙØ

{ Úráp|�ÕJÂ'Â�¼Z½ ¿�¼¾Å#ÝÙÝÓÐHß�ÅHÁÃÐ,ÈYÒÙÅ#ÆH��ÌÊÈÃÈÊöH�A}p}rÜ¾ÜZÜ�6�Ä Ï Þ¡ØÓÞ¡ÆJÐHÝÓØÙÔ#Å�âi}HöJÌYÑ�Ç¬ÒÙÄ'Ç8}HÆJÂ+Ü5},ÈYÅHöH}rÈÊÅ#öJØÙÌÊÈYãKÝÓØ
½ áZ¼¾Å#ÝÙÝÓÐHß�ÅHÁÃÐ,ÈYÒÙÅ#ÆH�ùÌYÈ¬ÈYöX�A}�},Ü¾ÜZÜ�6 Ï á#ØÙÞ ÆJÐHÝÓØÙÔ#Å©â~}p4vËJÆJíp� ÌÊÑ�Ç¬ÒÙÄ'Ç8}NY�Y�Y=}#Á¬Â'Ç¬ËJÝ ÈYÇ8}H×En5�q},ÈYÅHöJØÓÌÊÈÊã�Ø

{ Ú#Ú�|�¼Z½ ¿�ÐHÆ Ï ½ÀáK¼ZÅHÝÓÝÙÐ#ß�Å#Á¬ÐrÈÊÒÓÅHÆJÇ8��×.Â+â{ÐrÈÊÁÃÅHÆ C ÝÙÂ'Ä+ÈÊÁÃÅ�Ü Â'Ð#ú�YïÅ#Á¬úôÒÙÆJÔ'�1Á¬Å#ËJöX�
ÌJÂ'ö�6©Â;�~}Há��Há��Há�Ú,á%å íHá#áp� æ Ø

{ Úríp|�½ÀáK¼ZÅHÝÓÝÙÐ#ß�Å#Á¬ÐrÈÊÒÓÅHÆH�`� ¹Pª � ¦,§m�3¢ � �)Ûp�#ð%å íHá#áp� æ Ø
{ Úrðp|Gl�Ø`l�ÅHÆ Ï Å���£ � � «Pº »��i��¤Ê¨Ê� £ ¹;¥�� ! v ��Ú,í#Û%å¬ÚN�p��� æ Ø
{ ÚN�p|�¼Z½ ¿�¼¾Å#ÝÙÝÓÐHß�Å#Á¬Ð,ÈYÒÙÅ#ÆH��ÌÊÈÃÈÊöH�A}p}rÜ¾ÜZÜ�6�Ä Ï Þ¡ØÓÞ¡ÆJÐHÝÓØÓÔHÅ�âi}

öJÌÊÑ�Ç¬ÒÙÄ'Ç8}#ÆJÂ+Ü�}rÈÊÅ#öX}#öJËJßJÝÙÒÓÄ�}Hã�ÐHÇ¬Ç8}HÝ�� ½¦��? ÈÊÐ#Ôp}#×�Å#öH? Ð#Ç¬Ç�½%��? öJËJßJÝÓÒÙÄ'ØÓÌÊÈÊã�ÝÙØ
{ Úràp|�¼Z½ ¿�¼¾Å#ÝÙÝÓÐHß�Å#Á¬Ð,ÈYÒÙÅ#ÆH�

ÌÊÈ¬ÈYöH�j}�},ÜZÜ¾ÜE6�Ä Ï Þ¡ØÙÞ ÆJÐHÝÓØÙÔ#Å©â~}HöJÌÊÑ�Ç¬ÒÓÄ'Ç8}HÆJÂ+Ü�}rÈÊÅ#öH}HöJËJßJÝÓÒÙÄ�}#Ý �+Â+ÈYÇ8},Ü1ÌJÂ'ÝÙÒÓÄ'Ò ÈxÑ ö È�}HöJËJßJÝÓÒÙÄ�}#ÒÙÆ Ï Â;��ØÓÌÊÈÊã�ÝÙØ
½ á�¼¾Å#ÝÙÝÓÐHß�ÅHÁÃÐ,ÈYÒÙÅ#ÆH�
ÌÊÈ¬ÈYöH�j}�},ÜZÜ¾ÜE6 Ï áHØÓÞ¡ÆJÐHÝÓØÙÔ#Å�âi}p4vËJÆJí��
ÌÊÑ�Ç¬ÒÓÄ'Ç7}NY�Y�Y=}#Á¬Â'Ç¬ËJÝ ÈYÇ8}H×EnG��}H×ZáHÛ�}H×ZáHÛ#ØÙö Ï Þ¡Ø

{ ÚrÛp|G9 Â'ÝÓÝÙÂ�¼ZÅHÝÓÝÙÐ#ß�Å#Á¬ÐrÈÊÒÓÅHÆH�`� «Pº�»��r� §8�ù�:��§ÊªÉªN� �#� �)íHÛ�Ú,Û#áHíûåÉí#áHá#ð æ Ø
{ Úrìp|�½ÀáK¼ZÅHÝÓÝÙÐ#ß�Å#Á¬ÐrÈÊÒÓÅHÆH�

ÌÊÈ¬ÈYöH�j}�},ÜZÜ¾ÜE6 Ï áHØÓÞ¡ÆJÐHÝÓØÙÔ#Å�âi}p4vËJÆJí��
ÌÊÑ�Ç¬ÒÓÄ'Ç7}NY�Y�Y=}#Á¬Â'Ç¬ËJÝ ÈYÇ8}p9m}�9 áHð�}p9£áHð#ØÙö Ï Þ¡Ø
{ ÚN�p|G�¥Ø`uPØs9 ËJÁÃÐHÇ8�s� «Pº�»��r��§ÊªNªN�H� !3[)[ � ÚHÚrà%åÉí#áHá#ð æ Ø
{ ÚN�p|�¼ZØ 67uPØs�|ÒÓÆ åÉ¼Z½ ¿�¼¾Å#ÝÙÝÓÐHß�ÅHÁÃÐ,ÈYÒÙÅ#Æ æ �7ÈÊÌJÂ'Ç¬ÂG�
ÁÃÅùÄ'Â'Â Ï ÒÙÆJÔ#Ç¬Ø

¼¾½À¿ ¼ZÅHÝÓÝÙÐ#ß�ÅHÁ¬ÐrÈÊÒÓÅHÆH�`� «Hº »��r� §8�ù�:��§ÊªÉªN� � � �)áHð#íHá#á­Ú�åÉí#áHá�� æ Ø
½ á�¼¾Å#ÝÙÝÓÐHß�ÅHÁÃÐ,ÈYÒÙÅ#ÆH�
ÌÊÈ¬ÈYöH�j}�},ÜZÜ¾ÜE6 Ï áHØÓÞ¡ÆJÐHÝÓØÙÔ#Å�âi}p4vËJÆJí��
ÌÊÑ�Ç¬ÒÓÄ'Ç7}NY�Y�Y=}#Á¬Â'Ç¬ËJÝ ÈYÇ8}p9m}�9 áHá�}p9£áHá#ØÙö Ï Þ¡Ø

{ í#áp|�½ÀáK¼ZÅHÝÓÝÙÐ#ß�Å#Á¬ÐrÈÊÒÓÅHÆH�)ÌJÂYö�6�Â;�~}Há��Há��Há��Hð%å íHá#áp� æ �)Ç�ËJßJã�Ò ÈÃÈÊÂ Ï ÈYÅ@� «Pº »��r�¥§��ù�r��§ÊªNª Ø
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