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CDF March’06  2.2± 1.5 ±12.4 (

Tevatron March’07*

 1.5± 1.1 ±170.9 (CDF+D0 Run I+II)   (syst.)±(stat.)  

CDF March ’07*

 1.8± 1.3 ±170.5 )
-1

(L=1030 pb

reco
topAll-Jets: M*

 4.8± 2.2 ±174.5 )
-1

(L=1020 pb

 jj→+ Wreco
topAll-Jets: M*

 3.2± 2.8 ±171.1 )
-1

(L= 943 pb

 jj→+W reco
top

Lepton+Jets: M*

 2.2± 1.7 ±173.4 )
-1

(L= 680 pb

+ 3 comb.reco
topLepton+Jets: M*

 4.2± 2.2 ±168.9 )
-1

(L=1030 pb

Lepton+Jets: Matrix Element*

 2.0± 1.6 ±170.9 )
-1

(L= 940 pb

xyLepton+Jets: L  5.6±  13.9
15.7 ±183.9 )

-1
(L= 695 pb

Dilepton: Matrix Element  3.9± 3.9 ±164.5 )
-1

(L=1030 pb

Dilepton: Matrix Element b-tag  3.8± 4.6 ±167.5 )
-1

(L=1030 pb

z ptDilepton: Template t*

 4.0±   5.5
 5.6 ±168.1 )-1(L=1030 pb

Run 1 All-Jets  5.7±10.0 ±186.0 )
-1

(L= 100 pb

Run 1 Lepton+Jets  5.3± 5.1 ±176.1 )-1(L= 100 pb

Run 1 Dilepton  4.9±10.3 ±167.4 )-1(L= 100 pb

CDF Results (*Preliminary)
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Excluded Preliminary

∆αhad =∆α(5)

0.02758±0.00035
0.02749±0.00012
incl. low Q2 data

Theory uncertainty
mLimit = 144 GeV
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Profile plots of jet angle residuals
Phi resolution vs. pt (b jets)
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Phi resolution vs. pt (light jets)

0 20 40 60 80 100 120 140 160

-0.05

0

0.05

pt

dphi

Eta resolution vs. pt (b jets)
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Eta resolution vs. pt (light jets)
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Multiplied W mass likelihood curves
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Peak of curve = 80.4 GeV

Multiplied W mass likelihood curves
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Multiplied t mass likelihood curves
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Peak of curve = 180.8 GeV

Multiplied t mass likelihood curves
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Tlight flavor tag rate vs E  / ndf 2χ  3.171 / 9

p0        0.0003939± 0.003547 
p1        1.964e-05± -0.000263 

p2        2.79e-07± 1.18e-05 
p3        2.294e-09± -1.407e-07 
p4        1.678e-11± 7.529e-10 
p5        8.021e-14± -1.552e-12 
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p5        8.021e-14± -1.552e-12 
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ηlight flavor tag rate vs  / ndf 2χ  36.81 / 14
p0        0.05311± 0.8207 
p1        0.2715± 0.4516 
p2        0.3474± 0.437 
p3        0.1232± -0.5545 
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p0        0.05311± 0.8207 
p1        0.2715± 0.4516 
p2        0.3474± 0.437 
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]MWIU�d�egf�h`i�j+k+lnm�o%pIq�rZsut f6vRwx
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À YÁWIV>[|a`V�L>W�SÂQÃ]^S`X|]�QÃL>a�QÅÄ|V>WIORQÃOZK^]MKML?Æ�L>NRQÃL	Q�UIKMÇ=a`YÁa-Ç=a`Y¿L	K^b£QÅORQ=S3TEUIV�WIXZYZ[Áa7ÇIa-YEL`È
J�aÉX|b>aÉOBW=L>N�LgNZa_KMYZKML>K�Q=]Êa`b*LgK^ËÌQÃL>a�W=Í�LgNZa_ÍÎVgQÃS-LgKMWIY�W=Í�ORQ=S3TEUIV�WIXZYZ[nL3Q=TÃa`YnÍÎV>WIËÐÏ(Q2Ñ
OZ]Man�|��Ò�Q=bÁJ�a`]M]ÓQ=b¦Q=YÔa7ÇIa-YELÕWIOZb�a`V*Ç=QÃOZ]^aÃÈ®NZa`Y|S`a�V>a-ÍÎa-V>V�a`[ÖLgW�Q=b�×�ØÃÙ|ÈJ	NZKMS3NÚNRQÃb
[ZKÜÛ.a-V>a`Y¿LÝ[ZK^b*LgV�K^OZX|L>K^WIY|b	ÍÎW=Vb�K^UIYZQ=]ÊQ=YZ[\OZQ=S3TEUIV>WIX|YZ[�a-Ç=a`Y¿Lgb-�Þ×*ØÃÙµJ	K^]M]�OBa�[Za-ßZYZa`[�KMY
LgN|a®YZa7àáL�b�a`S7LgK^W=Y8âãL>NZa�ÍÎWáS`XZb$N|a`V>aÝJ	K^]^]�O»a�WIYÌLgNZa®b*LgV>Q=K^UIN¿L�ÍÎWIV�J£Q=V>[�Ë�Q=Y|YZa`V�K^YÌJ	N|K^S3N
Ø�KMb�XZb>a-[ÕLgWµS`Q=]^S-XZ]�QÃL>a��:���2�

ä K^V�b�L`ÈÃJ�a�S`V>a`QÃLga£NZK^b*LgWIUIV>Q=ËÉbåW=ÍZØÍÎWIVåb>KMUIYRQ=]|æ�ç�QÃLulnm/tè~�éIê®ë�a-ìÓí:S`î3Q=båJ£a-]^]�QÃb
ÍÎWIV$ï �ðNZa`Q�ÇEÆÞQ=YZ[¦ï �ñ]MK^UIN¿L$æ�çòQ=YZ[ÁYZW=YãÑ�ó [RQÃLgQÅa-Ç=a`Y¿Lgb-�£q}Ç=a`Y¿Lgb�J	NZKMS3N¦NZQ�Ç=a
ÄRQ=b�b>a-[©L>NZaÁÄZV�K^ËÌQ=V�Ænb�a`]^a-S-L>K^WIY�V�a`ôEXZK^V�a`ËÉa`Y¿LgbÅWIX|Lg]MK^YZa-[�K^Y�ç£NRQ=Ä8�}õ�Q=bÅJ�a`]^]£Q=b�LgN|a
]^KMT=a-]^K^N|WãWá[PS`X|L�[|a`b>S-V>KMOBa-[�K^Y\a`Q=V>]MK^a-VL>NZK^bÝS3NRQ=Ä|L>a`V�Q=V�aÅXZb�a`[8��Ï�N|a`b>a_N|K^b�L>WIUIV>Q=ËÌbÝQ=V�a
S`V�aÂQÃL>a`[�b>a-ÄRQ=VgQ:Lga`]ÜÆ�ÍÎWIV_~-Ñ	Q=YZ[©öÓ~-Ñ	L3Q=UPa7ÇIa`Y¿L>b`È}QÃYZ[nNRQÂÇIaµLgNZa-K^V�Q=V�aÂQ=bÓYZW=V>ËÌQ=]^KM÷`a`[
LgW�LgNZaa7àãÄ»a`S7Lga`[ÁÍÎV>Q=S-L>K^WIYZbuW=Í8ORQ=S3TEUIV>W=XZYZ[ÁQ=Y|[�b>KMUIYRQ=]�KMYÉL>NZa�[RQ:L3Q|âELgNZa-b>a�Q=V>aÝb>NZW�J	Y
K^Y ä KMUZ���|�;ÒÃøÂ��Ï�NZa�b>a-ÄRQ=VgQ:LgK^W=Y\W=ÍåLgNZaÌ~-Ñ£Q=YZ[ùöÓ~-Ñ+L3Q=UÉa-Ç=a`Y¿Lgb�K^bQ=Y�Q:L>Lga-ËÌÄãLÝL>WÌ[ZW�Q
O»a-L>L>a`V.ú�WIO_W=ÍBORQ=S3TEUIV�WIXZYZ[ÉNRQ=Y|[Z]^KMYZU�UIKMÇ=a`Y_LgN|a	Ç=a`V*Æ_[ZKMÛBa`V�a`Y¿L�a7àãÄ»a`S-L>a`[ÌORQ=S3TEUIV>W=XZYZ[
ÍÎVgQÃS-LgKMWIYZb�O»a-L?J�a`a-Y\LgNZa�L?J�WÉL?ÆáÄ»a`bW=Íåa-ÇIa-Y¿LÂ�

ä WIVQÉUIKÜÇIa-YÕa7ÇIa`Y¿L`ÈBJ�aûS`Q=]^S-XZ]�QÃL>a�KML>b	ÇÃQ=]MXZaÓW=ÍåØãÈRL3QÃT=aÓLgNZa�S`WIV�V>a-b>Ä»WIYZ[ZKMYZUÌO|K^YPW=Í
LgN|a�b�K^UIYZQ=]�Q=YZ[¦ORQ=S3TEUIV�WIXZYZ[¦NZKMb�LgW=UIVgQ=ËÉb`ÈZQ=YZ[ÁLgNZa-Y\b�K^ËÉÄZ]MÆÌSÂQ=]MS`XZ]^QÃLga
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1-tag events      -1CDF Run 2 Preliminary 955 pb

175 GeV signal
QCD
W + HF
W + light

Signal fraction = 85.9%
Background fraction = 14.1%
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>1-tag events      -1CDF Run 2 Preliminary 955 pb

175 GeV signal
QCD
W + HF
W + light

Signal fraction = 97.2%
Background fraction =  2.8%

?A@(B>C;D<EGFIH�JIKMLON(PRQ S�NUTWVWQ N�X�Y;PZX1[\Q ]%^G_`N(P�abS<NdceNdYgfWQ NhX1Yji�f+S<Nkf;T+lh^nmporqsQ ]t^u]WNdPRQUX�vrSbf+cwP
[�X1SxP<NyvrY5f+lzf+Y%_{T>f`a�|rvrS�X`V}Y%_`Pef+S�^pP�a�f+lh^n_GQUX~S�^b�%^na�Q�Q ]t^�^<�}��^na�Q�^n_s[�Sbf`a1Q�N�X1Y;PpX1[�P�N(v`�
Y5f+l��%T>f`a�|rvrS�X�V}Y%_rP�N(YZQ ]%^�P-f�c9��lh^1�

���h���-��@(���b�;E~�<CW���}���b�;E~�g�}�-�`B>D��>C;�;�{�;@(���b�}B>Db�}�e��@(�G�<�g�+���;@(�/ z�}�;�¢¡£�����b��@d���b�WE
¤ �}¥dCWE��}�¦�<�;E§��@dB>�;�}¥5�;@d���b�>B>D<�}�j@d�w�b�;E��;@d�/HA¨,�¦�b�;E ¤ �+¥dC;E��}�¦o©���}¥d¥(�)�}CW�b��@d�;E��b�;E�Db�}�;B}E
� ¤ E#D�ª£�;@(�-�«�<�;E©�;@d���b�>B}Db�}�e�3�}D�Ex�WE#¬g�;E#�/ g�b�;E#�®1¯k°£±³²WH

´9µ·¶¹¸~º�»R¼>½�º ¾¿º�À·ÁWÂ1ºhÃ%ÀuÄxÁ;½�ºhÁ;ÅÇÆ�¶
È o�É¹@d���;E�¬g�;E#�{ª£@y�b�¿�Uªz�ZÊWD<�>ÊtEnD��b@dE#�p@d�¿�e@d�W�/HZ?A@dD����R ��+�;�Ë�w�}���p@(�wÊt�>D��b�}�r�b¥yÌ> 

@(�O�<�;�>CW¥d�Í�%Ep@(�;�;E#Ê%E#�;�;En�r�x�}�)�b�;E��<�>ÊÍÊ%�}¥dE��w�}�<�©�+�;�¹�b�;EwÎ>Ï)Ð% ·�<���b�;�+�Ñ�b�;Ep�<�}�eE
�R�+¥d�nCW¥k�+�<@d�>���+�/1¯k°��n�}�e�}Ê;Ê;¥yÌ�� ¤ E#DÒ�}¥(¥ ¤ �}¥(C;En�:�}��ÓZÔ/�}�;�wÎ>Ï)Ð�CW�<En�e@d���<�;E£¥d@(�}En¥(@d�;�����/H
Õ �W�;@(�<@d�>�g�+¥d¥(Ì} ��}�Ñ�n�}C;D<��E} 3@(�e��CW�����}¥d���uÊt�>�<��En�<���;@(Ö%EnD�En�r���W@d���<D<@(�;CW�b@(�>�;�p�h�>De�<@(B>�g�}¥
�}�;�«�g�}�-�`B>D��>C;�;��HÒop@d�£@(�~���+�#���e¥(@d�;En�}D��#�>���;@(�g�+�b@(�>���}�AE ¤ E#�r�O�>�;��EnD ¤ �+�;¥dE#�n 5�<���b�g���
�b�WEÑ�n��E#×e�n@(En�r�b�£�}�·�b�WEÑ�>�;�<E#D ¤ �}�;¥(En�3�n�}�~�%EO�<C;�;En���<�e�<�+�b@(����Ìe�b�;EO¬;D<���£D�EnØ`C;@(D<En�eEn�r�nH
Ù3�;E#�<ExE ¤ E#�r�O�>�;��EnD ¤ �+�;¥dE#���+D<E©�;E#¬;�;En�\�}���h�>¥d¥(��ª£�nK

Ú Ù3�;EO�}Ê;¥k�+�g�}D<@y�UÌ�Û³±ÝÜÞ1ß�à� �ª£�;E#D<EO�<�;EOßÑá·�}D�E��b�WE§En@(B>En� ¤ �}¥(C;En�Òßpà�âãß Þ âãß Ü
�}�:�<�;E9�e�>�eEn�r�bCW�ä�<En�;���>D©åOæ�¯�±èç á<é áæ é á ¯�ê ç ágë�ìé á ë Þ�í �;EnD�Epîï�+�;�¹ð©D<EnÊWD<En��En�r�
�<�;E©�n���>D<�;@(�g�+�<En��ñ· gòt gów�+�;�ï��@(���b�;EÒô�E#�£@(�;�;E�õ�H

Ú÷öpø ±jù�ú§û¦üþýá ÿ � �w@(�¦� é � á�� ÿ��� � ê é	� ��
�¦�� ¦@�H E}Hy ��b�;Ep�e@d�W@d��C;� ��EnÊg�+Db�+�<@d�>�Íù�ú§û¦üþýá ÿ @(������ �<Êg�+�nE��tE#�UªzEnE#�s�Ñô�E#�OÊ;�}@dD£ªÒE#@dB>�r�<En�\ª£@y�b�\�<�;E9D<�+�b@(���}���<�;E������}¥(¥dE#D é � �}�

� ²>²



���������������! �"��!#�$%�&���(')���*"�+,��$.-��/�	��0,#21	354
687:9<;>= ?A@BDC�EGF 1IH BDJ9 FLK�M�?N@BDCPO5F 1IH BDJQ FSRTF 1IHVUVW JQ FSRXF 1IHVY JQ FLZ\[ �����]"&�*�� ^0_0*`a�����]b�'/�!-c�!"b�d�efbg0!`h��"&�!#�b�i,��"�b�� M #jd�ef��"&�*��0," Z �!#�$f-^0,#	+, ���d�$� ^#��!- M $	�/#�0,ek ^#��*�&0," Z ef0,ek�/#��&�0!`l$���'m�mno0,pS���/'\�&bq ^#r�&�	�a�\i,�/#��/4tsu���v#Sd	ef��"&�*��0,"u'/0,#��&�! ^#�bq�!-�-S������bw�yx<'/�/�<�z�&�	��� �+,����b��{�/#	�/"�+*nw�����/4|su����$��/#	0,ef �#��*��0,"}b�d�efb{�*-^-~���\�&b [ ������')���!"�+,�/$�-^���	�&0!#f�*#�$�����a#	�/d	��"� ^#	0�4gsu�	�ab�e��!-�-^��" F 1IHVY JQ F b�0,-�d	�& �0,#r+, �i!�/#.pjnr�����(�j ^#���e��*�� ^'����Sd��*�& �0,#`0,"t�����(-^���	�&0,#	 ^'(� $	�/'m�mn M �!b�b�d�ef �#�+k��� =N�,�	���f� �\�(�*' E Z  ^bt�)�*�!�/#I4� �v ^b�#�0!�����g0,"�����n]�&���*�v�*-^-|0!`��&�	�/b���0,p	b��/"�i*�!p�-^��b��*"��2ek�m�!b�d�"���bv#	0!�vb�0%e:d�')��0!`�/#	�/"�+!���& �'��jd��!#��& ��& ��/b� �#r�!#r�\i,�/#�� M �!b [ `0,"t�\x	�!ek��-�� [ �&����b�d�e�0*`��&�������\���t35��b��g0,d�-�$p�� Z p�d	�k"&�*�����/"k0!`w�&���ob����*�P�o0!`z�����o��i,��#��m4�su���o"��/�!b�0,#�`0,"2�&�� �b� ^b2�&����� [ ���	 ^-^��/#	�/"�+*nj ¡p��!b��/$�i*�!"� ^�!p�-^��bf'/�!#>�)�*�!�¢�!$	i*�!#��&�!+,�£0*`��&���£�¤nS�� �'m�!-�-�n��� �+,���/"k�&"��!#�b�i!�/"�b���/#	�/"�+! ^�/b�0!`h�ab� �+,#��!-��\i,��#j�/��b�$��/'/�¥nk��"�0<$	d�'���b������!#f����0,b��w0!`h�vp��!')�j+,"�0,d	#�$¦��i!�/#���`0!"$� �b�'/"� ^ek ^#����& ^0!# [ �&����b���i*�!"� c�!p�-��/b}�!"����!-^b�0 [ �!b}0,#����g0,d�-�$2�\x<�P��'�� [ b��&"�0,#�+,-�nv'/0,"�"��/-^�*�&��$�� ����§��¨©4¦ª�#¢�&����0!�����/"(���*#�$ [ $�d����&0r�&�	�f�� �+,����"��&"&�*#�b�i!�/"�b�����#��/"�+, ^��b(�����k$��/'/�¥n��"�0<$�d	'��&bG �#:b� �+,#��!-S��i!�/#��&b [ �����t+,��0,ek���&"�n�0*`������/b��u$��/'/�mn:��"�0<$�d	'��&bG �#2��b� �+,#��!-S��i!�/#�� ^b�ef0,"��«b��	���/"� ^'m�*-��&���!#������]��"�0S$�d�'\�&br0!`��_p��!')�j+,"�0,d�#�$N��i!�/#��m4 � �/0!ef�\�&"� �'m�!-�-�n� p��!b��/$¢i*�!"� ^�!p�-^��b�b�d	')�_�!b�������0,#��/b��g��d�b���$ [ �&����"���`0!"�� [ '/�!#§$	 ^b�'�"� �ef �#��*�&�apP�\�¤�����/#b� �+,#��!-}�!#�$]p��*')�S+!"�0,d�#	$h¬��0¥���\i,�/" [ �!b��/#���"�+!n� ¡p��!b���$¢�Sd��!#��& ��� ^��b��!"��:`0!d�#�$]p�0!�&�] �#�&�	�r#Sd	ef��"&�*��0,"2�!#�$®�����r$��/#	0,ef �#��*��0,"a0*`q�����/b��%0,p�b���"�i*�!p�-��/b [ ������n_�!"��re:d	')��-��/b�b$����P��#�$��/#��w0,#£��¨|�*#�$«¯,°�±¦�&���*#.��d	"��/-�nr�/#	�/"�+*nj ¡p��!b��/$£0!p�b���"�i*�!p�-��/b/4²  ^b��&"� �p�d	�� ^0,#�bu0*`|�!-�-h�&��"��/�v0,p�b��/"�i*�!p	-^�/bq'm�*#.p��v`0!d�#�$o ^#.³} ^+�4�´	4Vµ [ �!#�$o ��q ^bq�!�< ���!"��/#����&�������m�!')��0,p�b��/"�i*�!p	-^�r��0,b�b��/b�b��/bf$� �¶P�/"��/#��k$� ^b��&"� �p�d	�� ^0,#�bv`0,"2b� �+,#��!-���i,��#��&b'/0!ef���*"��/$«��0rp��!')�j+,"�0,d�#�$���i!�/#��&b����� �')�����!b�b��&�	�:b��&�!#�$��!"�$¢b��/-��/'\�& ^0!#]'/d	��b/4:·q0¥�t ��i!�/" [�¸ �!#	$ 7:9<; ���mi,�v��'/-��m�!"u$����P��#�$���#�'/�v0,#%�&�����&0!�oef�!b�b [ �&�	0,d�+,�%0,#�-�n¦0,#%�&�	�0,"�$��/"q0!`{��`���¹���/"�'��/#���0¥i!�/"��k"&�!#	+,��0!`}e��*#jn¢º � ��bw0!` � ���» ^#%�&���v�&0,�.�P0!-^�(e��*b�b [�!b�'m�*#¼p��%b��/��#> ^#�³} �+�4|´<4 � 4¼±< �ef �-c�!"�-�n [ �]$��/���/#�$	�/#�'��«0!`z�!-^-�����"����ri!�*"� c�*p�-^��b20,#�&�	�a�������/#	�/"�+*n®b�'/�!-^�r'/�!#¼p��rb����/#� ^#½³} �+�4|´<4¿¾<4 � �� ^b2#�0*�&���g0,"��&��n_�&���*�2�&���¦����"����0,p�b��/"�i!�*p�-^��b�$�0.#�0!�:���¥i!�¦$����P��#�$��/#	'/�/b20!#®��¨q�!#	$®¯,°�±��� ����§������b��!ef�kb�-�0,���!¬G ��

º � º



À^ÁwÂ&Ã�À�Á�ÄÆÅ!Ç�Â�ÈgÉ2Â)Å!Ê*É�Å!Ë	Ì*Å!Í�Â)Å*Î,É2Ï!Ä{È�Ã�É/Í¢ÈgÉkÇ�Ï,Ð:Ñ�À�Í�É�Â�Ã�É2Ï,Ñ�Á�É/Ò�Ì*Å!Ñ	Ó^É/Á�À�Í¢ÅrÓ^À^Í	ÉmÅ!ÒÇ/Ï!Ð:Ñ�À^Í�Å*Â&À�Ï,ÍhÔ�ÕSÂ�Ö�Ë�À�É/ÁqÀ^Í�Ë�À�ÇmÅ*Â�É/ËoÂ&Ã�Å*ÂqÂ&Ã	ÉaÑ�É/Á�ÂzÈ�Å¥×oÂ&ÏfÐfÀ�Í�À^ÐkÀ^Ø�ÉzÂ&Ã	É�Ë�É�ÙPÉ�Í�Ë�É/Í	Ç/ÉÏ!ÄIÏ,Ö�Ò{Ë�À^Á�Ç/Ò�À^ÐkÀ^Í�Å*Â�À^Ï,ÍaÌ!Å*Ò�ÀcÅ*Ñ�Ó^ÉuÏ,Í�Ú�ÛÅ*Í�Ë¦Ü,Ý�Õ2ÈtÅ!Á�Â&ÏaÅ!Ó�Â�É/Ò|Â�Ã�ÉwÇ�Ï<É\ÞkÇ/À^É�Í�Â&Á�Ï*ÄIÂ&Ã	ÉÂ&Ã	Ò�É/É(Ç�Ï,ÐfÙ�Ï,Í�É�Í�ÂqÌ*Å!Ò�ÀcÅ!Ñ	Ó^É/Á�Á�Ö�Ç)ÃoÂ&Ã�Å*ÂqÏ,Ö	Òtß�Í�Å!Ó�Ï,Ñ	Á�É/Ò�Ì*Å!Ñ�Ó^É�À�Á/à
á�âäã{åæhç�è éé æ�ê2ë2èìéíIî:ï<ð*ñóò é!ô æé,ôVõ,õ öÆ÷ ÔVø,ùÈ�Ã�É�Ò�É(Â&Ã�É¹ú¤û üú¤û ý¤ý Â�É/Ò�ÐþÀ^ÁuÖ�Á�É/Ë.Á�Ï2Â&Ã�Å�Â á Â¤×<Ù	À^ÇmÅ*Ó^Ó�×�Å!Á�Á�Ö�ÐkÉ/Á�Ì*Å!Ó^Ö�É�ÁtÄÒ�Ï,Ðþÿ2Â�Ï é Ô

é ÿ í



A
0 0.1 0.2 0.3 0.4

0

2

4

6

8

10

12
 A∆ N/∆1/N 

=180 GeV
top

, Mtt

bWb

non-W QCD

mistags

tzH
0 1 2 3

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

tz H∆ N/∆1/N 
=180 GeV

top
, Mtt

bWb

non-W QCD

mistags

RD
0 1 2 3

0

0.2

0.4

0.6

0.8

1

R D∆ N/∆1/N 
=180 GeV

top
, Mtt

bWb

non-W QCD

mistags

���������
	�����������������
��������� �"!��#�"$&%('*)+%,!-%.�
�/�10�243#5�67%,!98;:#<>=@?��1AB!-%.)C�D�#%���E@FHGJILKNM
OQPBRTS�UWV =

ILM��



/GeVtm
160 180 200

=1
80

G
eV

t
re

l. 
di

ff
er

en
ce

 w
.r

.t.
 m

-0.3

-0.2

-0.1

0

0.1

0.2

0.3
 / ndf 2χ  0.0004838 / 11

Prob       1

p0        0.01866± 0.3341 
p1        0.0001031± -0.001884 

 / ndf 2χ  0.0004838 / 11
Prob       1

p0        0.01866± 0.3341 
p1        0.0001031± -0.001884 

t mean t
t RMS t

b mean Wb
 mean QCD

A, tag

/GeVtm
160 180 200

=1
80

G
eV

t
re

l. 
di

ff
er

en
ce

 w
.r

.t.
 m

-0.3

-0.2

-0.1

0

0.1

0.2

0.3
 / ndf 2χ  0.0004407 / 11

Prob       1

p0        0.01781± -0.08862 
p1        9.842e-05± 0.0004563 

 / ndf 2χ  0.0004407 / 11
Prob       1

p0        0.01781± -0.08862 
p1        9.842e-05± 0.0004563 

t mean t
t RMS t

b mean Wb
 mean QCD

, tagtzH

/GeVtm
160 180 200

=1
80

G
eV

t
re

l. 
di

ff
er

en
ce

 w
.r

.t.
 m

-0.3

-0.2

-0.1

0

0.1

0.2

0.3
 / ndf 2χ  0.0007716 / 11

Prob       1

p0        0.02357± 0.0005 
p1        0.0001302± -1.685e-05 

 / ndf 2χ  0.0007716 / 11
Prob       1

p0        0.02357± 0.0005 
p1        0.0001302± -1.685e-05 

t mean t
t RMS t

b mean Wb
 mean QCD

, tagRD

X�Y�Z�[�\
]_^�`�a�bHced+f,gih"jlknmof.prq�s.tufwvyxzk�f.{|x}mW{|gy~�f.p����&����q/�4��d���m�k�f.{|x}mW{|gy~#h"j��wd�g���{|du�
s�����d�h"p�g�h"j9�����_����f,p9���#��j/h"{lg
d1�Bp-f.t�����f����wdD� mW{omWp��Tk�f.g|g¡mWg&�4d����¢{omWg�£¤m(vL�e��h�����m
k�m¡f.p;f.p9�z�&����h"jQ���9m��wdDg(��{|d�s�����d�h"p�g�f���¥@¦¨§ª©L«�¬@QmB®T¯�vW°L±³²T�9migoh"tDd �´tDdDp�mWg�f.{om
µ ��g���h����9m�s,d+f.gomWgHh"p¶���9m�k�m¡f,p9�>���9m���h}�|��m·��tDd�p9mWg�{om�£*{omWg¡m¸p������9m#s.duf.g�h"p����9mQknmof.p
h"j¨���9m����4h��1¹�£¤mWgHh"jes�fwvyxB�B{¡hw�Np9�º�.p9��mW{�g(�
�}�N¹w±

©L¬Na



(JES)σ JES/∆
-1 0 1

re
l. 

di
ff

er
en

ce

-0.1

-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1 t mean t
t RMS t

=-0.030841pA, tag

(JES)σ JES/∆
-1 0 1

re
l. 

di
ff

er
en

ce
-0.1

-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1 t mean t
t RMS t

=-0.008531p, tagtzH

(JES)σ JES/∆
-1 0 1

re
l. 

di
ff

er
en

ce

-0.1

-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1 t mean t
t RMS t

=0.016721p, tagRD

»�¼�½�¾�¿
ÀQÁ�ÂÄÃ�Å�Æ7Ç�È�ÉºÈ�É9Ê�ËWÌ.Í�Ê�Î/Ï"Ð|ÍÑÌ�È4Ï"ÎCÈ�É9ÊlÒ*Ó�Ï}È�ËÔË
É�ÏNÕ4ÖnÇ�Ö�×�Ç�ØÚÙ�ÛBÙÝÜ�Þ È�É9Ê¨Ò*Ó Ï}È�Ë¨É9ÊWÐoÊ
Ë
É�ÏNÕßÈ�É9Ê�ÊWà Ê(áLÈeÏ"Î>Ë|É�ÇDÎ�È�ÇDÖ�Ø´È�É9Ê>â(Ê"ÈeÊWÖ�ÊWÐ|Ø,ãºá(Ï"Ð|Ð¡Ê(áLÈ�Ç Ï"Ö�Ë�ä¡ã�åßÌ.Ö�æ�ç�èHé

êLë Ã



ìLí�î



ï ð ñóò ô;õ÷ö ø

ù õûú³ô¶ú üþý ô�ð õ õßô�ð ü ÿ

�����



����	 
���������� ����� � � �����! "���� ����#

$&%('*),+-'/.1032�.14657)(8:9;4�'�9=<?>(.1'*4�'*)�@A2B),9:<C9B4�+(D7'�2=0E'/FB'*)�@C<�9;<1>(4G2B0H@?%('�DI2�8�<
2B0J@C%(';5I)(KL57FM5IK(>(9BDH'NF�'*)�@ODI5IP='*D75I%(2M2QKL<�5I<R+S'*.1032B.?4�'*KT@C2U2�VL@W9=5I)X@C%(':YZ)Z9=D\[^]12�5I)�@RDI2B8
DI57PB'/DI5I%L2Q2MKO2B0_@?%('`<C9B4�+(DI'=[(9B<a<1%(2�bc)d57):e�fSgihQg7j�g�ka%L'l469B)()L'*.a5I)�bc%L5ImW%nbH'`'poQ@?.C9BmN@
9q4�'�9B<1>(.?'/46'/)�@A03.?2B4r@?%(5I<E]12�57)s@tDI57PB'/DI5I%L2Q2MKu5I<lfM>L57@C'6<1@?.C9B578�%�@?032�.vbE9B.1K^g:$,'O@C9BPB'O9
+(.12BYZDI'H2B0i@C%('cw�xyKzDI2B8{DI57PB'*D75I%(2M2MKA9BD72�)(8�@?%('a469B<?<�9|oL57<}@C2�2BVL@W9B57)z9�j/x~KzDI2�8{D75IP='*DI57%(2M2QK
9B<�9�03>()(mN@C5I2B);2=0��U�}2�)(D��-�

DI2�8��!���\���v� �y�����s�\�U������469�o�p�*����� DI2�8��!���\���v�y���U���y�M� ���Qg7j��

$&57@?%U@?%(5I<Rj/x~K�D72�8:DI57PB'*D75I%(2M2MK^[ @C%L'*)^[¡@C%('�46'*9B<?>L.?'*KUF=9BDI>('R2B0¢@C%('�469B<?</[!�U£¥¤\�1¦p[¥57<
<?5746+LD7��@C%('`DI2Mm�9�@C5I2B)�2B0¡@C%('`469�oQ5I4�>(4�DI2�8zD75IP='*DI57%(2M2QK^�

���������1� �~�3��� ���U£}¤��?¦?�H§&�!���\���1� �~���\� ���U��� ���Qg¨wB�

9B)(Ku@C%L'�fs>(2=@C'*K�+-2B<?57@?57FB'R9B)(KU)('*8�9�@C57FB'R'*.?.12�.?<`2�)u@C%L'�4�'�9=<?>(.1'*4�'*)�@�[¡©iª«9=)(K�© ¬¡[
9B.1'{@C%(2�<1'`4O9B<1<a<?%(5�0�@C<a032�.Hbc%L5ImW%:@C%('`DI2B8zDI5IP='*D75I%(2M2QK6%Z9B<�9�F=9BDI>('{Lg¨®�D7'*<?<a@?%Z9B)n@C%Z9�@
2B0¡@C%('`469�oQ5I4�>L4d�

DI2B8����������1� �~�3���s���U£}¤��?¦�¯�© ¬ �����!���\���1� �~���\�s���U£¥¤\�1¦W°l©iª±���²���������1� �~�3���s���U£}¤��?¦?�*¯�L³´®����Qg´µ��

¶ 57)q2B@?%('*.�bH2�.1K(<*[-@C%('tDI2�86DI5IP='*D75I%(2M2QK:57<J<15I4�+(D7�n@?.?'�9�@C'*K�9B<J@?%('�DI2B862B0�9O·l9=>(<?<15¸9B)^[
bc%(57mW%q<?%L2�>(DIKdV-'l9�.?'�9=<?2�)Z9=V(DI'l9B<1<?>(4�+L@C572�);8�57FB'*)d@?%('l)M>L4�V-'/.J2=0!'/FB'*)�@C<�9�FB9=5ID¸9=V(DI'
5I)6@C%('{K(9=@W9A<?9B4�+(DI'=g!¹y)n+(.C9=m/@C57m*'=[Qb¢'`9�FB'*.?9B8�'�@?%('�'*.1.?2�.�@C2z9BmW%L5I'/FB'`9A<?57)(8�D7'�fs>(2B@?'*K
'*.1.?2�./[Z©![(2�):@C%L'l4�'�9=<?>(.1'*4�'*)�@��

©q� j
w �º©iª6°»© ¬-� ���Qg½¼��

���p¾ ¿ÁÀ���!À;�*��Â �R�Ã
Ä�}�� "Å��n�JÆdÇ,�{��*� ����#��

ÈH'/032B.?'O+S'*.v032�.?4�5I)L8:@?%('O4�'�9=<?>(.1'*4�'*)�@�2�)�@C%('�KZ9=@C9L[}5�@A57<t)('/m*'/<?<C9=.1�U@C2q'/)(<?>L.?'
@C%(9=@:@C%('U9B)Z9=D7�M<?57<:bc57DIDJ+(.?2�FM5IK('�9B)²>()sV(5¸9=<?'*KÉ46'*9B<?>L.?'*4�'*)�@:bc57@?%�9=)�9Bm/m*>(.?9=@C'/D7�

j��Ê



Ë*ÌvÍCÎ7ÏOÐ=Í?Ë*ÑTË*Ò1Ò?Ó�Ò/ÔXÕyÖ«ÓBÒ?Ñ(Ë/ÒRÍ?ÓuÑ(Ó"ÍC×(Î7Ì*Ø�ÙHË;Ò?Ú(ÖTÍC×LËdÐ=ÖZÐBÛ7ÜMÌ1ÎIÌ�Ó�Ö»ÌCÐ=Ï6Ý(Û7Ë*ÌzÓBÞ{ß�à
Ì?Î7á�ÖZÐBÛ!ÐBÖ(ÑUâZÐBãWäsá�Ò?ÓBÚ(Ö(ÑUË/å�Ë/Ö�ÍCÌAÎ7ÖuÓ�Ò?Ñ(Ë/Ò�ÍCÓ:Ñ(Ë/Í?Ë*Ò1Ï6Î7Ö(ËRÐBÖ�Üuã�ÐBÛ7ÎIâ(Ò?Ð=ÍCÎ7Ó�Ö(Ì�ÍC×ZÐ=Í�ÙcÎ7ÛIÛ
Ö(Ë/Ë*ÑuÍCÓnâSËzÐBÝ(Ý(Û7ÎIË/Ñ�ÍCÓ�ÍC×LËzÎIÖ(Î�ÍCÎ¸Ð=Û±Ï6Ë*ÐBÌ?Ú(Ò1Ë*Ï�Ë*Ö�ÍtæUç¥è\é1ê/Ø_ÐBÖLÑ"Î7ÍCÌ�ëMÚLÓBÍCË/ÑUË/Ò?Ò1Ó�Ò*Ø±ì!Ø
ÎIÖ�Í?×(ËRÑZÐ=ÍCÐLÔAía×(Ë/Ì?Ë�ÌCÐBÏ�Ý(Û7Ë*Ì�ÐBÒ1ËzÑ(ÒCÐ�ÙcÖuÞ3Ò?Ó�ÏîË*Ö(Ì1Ë*Ï�âLÛIË*Ì`ÓBÞ¢Ð�å=ÐBÎIÛIÐBâ(Û7Ëzß�àïË/å�Ë/Ö�ÍCÌ
ÐBÖ(ÑdÐBÒ1Ë�Ï6Ë*ÐBÖ�Í�Í?ÓRÏ6Î7Ï6Î7ã�Í?×(Ë`ÌCÐBÏ�Ý(ÛIË�Ó=Þ}ÑZÐ�ÍWÐRË/å�Ë/Ö�ÍCÌ*Ô

ð ÚLÖ(Ö(ÎIÖLá:Í?×(ËRÐBÖZÐ=Û7ÜMÌ?Î7Ì�Ó�ÖUÐ:Ì?ÐBÏ�Ý(ÛIË�Ó=Þaß�àïË/åBË*Ö�ÍCÌlÎIÌ�äsÖ(Ó�ÙcÖñÐ=Ì`Ð«òvÝ(Ì?Ë/Ú(Ñ(ÓMËNósô
ÝSË*Ò?Î7Ï6Ë/Ö�ÍCõ(Ø�Ó�Òtò?ö�÷�õ(ÔsøZÓ�Ò�ÐBÖ�Ë*ÖLÌ?Ë*ÏAâ(ÛIËcÓBÞ±ß�à»Ì1ÎIá�ÖZÐ=Û(Ë/åBË*Ö�ÍCÌHÙcÎ�ÍC×�Ð`äMÖLÓ|ÙcÖ�æUù±Ð=Ö(Ñ
ú ÷�û ØiüBý�ýBý�ö�÷�Ì�ÐBÒ?Ë`Ò1Ú(Ö^Ô�í¥ÓRã/Ó�Ö(Ì1Í?Ò?Ú(ãNÍ{ÐzÌ?ÐBÏ6ÝLÛIË�Þ3Ó�ÒcÐRö�÷aØSÐBÖ;Ð�åBË*Ò?ÐBá�ËlÖMÚLÏ�â-Ë/ÒaÓBÞ
Ë/åBË*Ö�ÍCÌaÓ=Þ_ÐAá�Î�å�Ë*Ö�ÍyÜMÝ-Ë{Î7Ì¢Ì1Ý-Ë/ã*Î�þZË*Ñ^ØLÐBÖ(ÑOÍ?×(Ë{Ð=ã/ÍCÚ(ÐBÛ-ÖsÚ(ÏAâ-Ë/ÒHÓBÞ±ËNå�Ë/ÖsÍ?ÌaÓBÞ±ÍC×(Ð=Í¢ÍyÜMÝSË
ÎIÖdÍC×(Ë�Ì?ÐBÏ�Ý(ÛIËtÎIÌ{ö¡Ó�ÎIÌ1Ì?Ó�ÖMô~ÿZÚ(ãNÍCÚZÐ�ÍCË*ÑUÐBâSÓ�ÚLÍJÍC×ZÐ�Í{å=ÐBÛIÚ(Ë=Ô{ía×(Ë�ÍyÜMÝSË*Ì�ÓBÞ�ËNå�Ë*Ö�ÍlÚ(Ì1Ë*Ñ
ÎIÖ�Í?×(Ë�ö�÷�Ì`ÓBÞ�ÍC×LÎIÌ{ãW×ZÐ=ÝLÍCË/ÒtÐ=Ò?ËzÌ?Î7á�ÖZÐBÛ�Ø^Ó�Ò�Ó�ÖLËzÓBÞ¢Í?×(Ë�ÍC×LÒ?Ë*ËzÍyÜMÝSË*Ì`ÓBÞ¢âZÐBãWäsá�Ò?ÓBÚ(Ö(Ñ
Ñ(Ë/Ì?ã*Ò1ÎIâSË*Ñ;ÎIÖdàH×ZÐBÝ Ô������ � ×LË�Ð�åsÜ�Ø�� � Û7ÎIá�×�Í*ØLÓ�ÒaÖ(ÓBÖQô��
	NÔ

ía×(ËqÏ6ÐBÎ7ÖXëMÚ(ÐBÖ�ÍCÎ7Í?ÎIË/Ì�Ó=Þ{ÎIÖ�Í?Ë*Ò?Ë/Ì1Í�Ùc×(Ë*Ö«Ò?Ú(ÖLÖ(ÎIÖ(á�ö�÷�Ì6Ó�Ö ß�à ÙcÎ�ÍC×«ÐUäsÖ(Ó�ÙcÖ
æUùHÐBÖ(Ñ ú ÷�ûUÐBÒ1Ë�ÍC×(ËRâ(ÎIÐBÌ*Ø^Í?×(ËRË*Ò1Ò?Ó�Ò/Ø_ÐBÖ(Ñ"ÍC×(ËRÝ(ÚLÛIÛ}ÙcÎ7ÑLÍC×^Ôzía×LË*Ì?Ë6ÐBÒ1ËzÑ(Ë/þZÖLË*ÑñÐ=Ì
Þ3Ó�Û7ÛIÓ�ÙcÌ�������� ��ía×LË;ÑLÎ��-Ë*Ò?Ë/Ö(ã*Ë:âSË/ÍyÙ¢Ë*Ë/Ö«ÍC×LË:Í?Ò?Ú(Ë�å=ÐBÛ7Ú(Ë:ÐBÖ(ÑXÍ?×(Ë:Ï6Ë*ÐBÖTÓBÞcÍC×(ËdüBý�ýBý"ö�÷

Ï�Ë�ÐBÌ1Ú(Ò?Ë/Ï6Ë/Ö�ÍCÌ*Ø�� æUç}è�é?ê����{æUù
������� � �±ía×(Ë ð ß�û�ÓBÞLÍ?×(ËHüBý�ý�ýcö�÷�Ï6Ë*ÐBÌ?ÚLÒ?Ë*Ï�Ë*Ö�Í?Ì*Ø"! �#�\æUç¥è\é1ê$�%� æUç}è�é?ê��&	('&�
)+*-,.,�/0��1�2�3 �zía×(Ë ð ßqû,ÓBÞcË�ÐBãW×Tö�÷54 ÌzÝ(Ú(ÛIÛ�Ø¥Ùc×(Ë/Ò?ËOÍ?×(Ë�Ý(ÚLÛIÛ�ÎIÌAÑLË/þZÖ(Ë/Ñ»ÐBÌAÍC×LË

Ò?Ð=ÍCÎ7Ó�ÓBÞaÍC×LËnâ(Î¸ÐBÌ�ÐBÖ(ÑñÍC×LËnÎIÖ(Ñ(Î�åMÎIÑ(ÚZÐ=Û¢ö�÷54 Ì�Ë/Ò?Ò1Ó�Ò*Ø6��æUç}è�é?ê5�ÉæUù�	87=ì!ÔuÕ~ÞJÐBÖ
ÐBÖ(ÐBÛ7ÜMÌ?Î7ÌaÝ-Ë/Ò1Þ3Ë/ã/ÍCÛ�ÜnË*ÌvÍCÎ7ÏOÐ=Í?Ë*ÌaÎ�ÍCÌaÓ�ÙcÖdË/Ò?Ò1Ó�Ò?Ì/Ø(ÍC×(Î7ÌaÌ?×(Ó�ÚLÛIÑ;â-Ë�Ú(ÖLÎ7ÍyÜ�Ô

ía×(Ë*Ì1ËzësÚZÐBÖ�ÍCÎ�ÍCÎIË/Ì�×ZÐ�åBË�Ë*Ò1Ò?Ó�Ò1Ì�ÐBÌ?Ì1ÎIá�ÖLË*ÑqÍ?ÓOÍC×(Ë/ÏdØSÒ?Ë/Ý(Ò?Ë/Ì?Ë/ÖsÍ?Ë*Ñ�ÐBÌ�Ë/Ò?Ò1Ó�Ò�âZÐ=Ò?Ì{Î7Ö
ÍC×LËEÝ(ÛIÓ=ÍCÌ¡Ì?×(Ó�ÙcÖRÎIÖAÍ?×(ÎIÌ¥ãW×ZÐBÝLÍ?Ë*Ò/Ô!ÕyÖAÍC×LËEã�ÐBÌ1ËEÓBÞZÍ?×(ËEâ(ÎIÐBÌ*Ø�ÍC×(Î7Ì}Ë*Ò1Ò?Ó�Ò¥ÎIÌ¥Ì?ÎIÏ�Ý(Û�Ü�ÍWÐBä=Ë*Ö
ÍCÓAâ-Ë�Í?×(Ë ð ß�ûOÓBÞ±ÍC×LË{Ñ(ÎIÌvÍCÒ1ÎIâ(ÚLÍ?ÎIÓ�Ö��¡ÍC×LË:ò?÷�Ò?Ò1Ó�Ò?õ�ÑLË*Ì?ã/Ò?Î7â-Ë/Ñ;Î7ÖOÍC×LË{ÛIÎ7Ì1Í9	�ÍCÎ7Ï6Ë/Ì¢ÍC×LË
Ì?ësÚZÐ=Ò?Ë�Ò?ÓMÓBÍ`ÓBÞHÍ?×(ËRÖsÚ(Ï�âSË*ÒlÓBÞEÚ(ÖLÎIësÚ(Ë�ö�÷�Ì`Ùc×(Î7ãW×,ã�Ð=Ö�âSË6ã/Ó�Ö(ÌvÍCÒ?ÚLã/ÍCË/Ñ,á�Î�å�Ë/Ö�ÍC×LË
ÖsÚ(Ï�âSË*ÒcÓBÞ¥Ì?Î7á�ÖZÐBÛ^ËNå�Ë/ÖsÍ?Ì�Î7Ö:Í?×(Ëtß�à²Ë/Ö(Ì?Ë/Ï�â(Û7Ë:�

ì�;=< é?ê?> ! �
�\æUç¥è\é1ê9�@� æUç¥è\é1êA�&	 ' �CBED F ùHG\ù�é�IFKJ�L ��MQÔON:	
P ýRQ



SATVU$WXU�Y[ZH\]ZH^�_�`�a?bXTVU&cedVfhg�U$Wji:k�a8`mlRcVn:o"p�qrU$s:U�ctbua5`�cvbXTVUwU$cVaXU$fxgVo�U:yEn:cVz{YK|�}�`ma~buT�Un�sRU$Wun:lRUKcedVfxg"U�WAi:k-aX`�lRc�n:o�U�sRU$cebXa��:�~�5�� cVo�`m��UK`�c�buTVU[��n�aXUKi:k-bXTVUKgV`=n:a$yV`�bA`�aA��iRa8aX`�gVomU�bXivl:U$b&nvfviRW8U[n:���$dVWun�bXU+fvU�n�aXdVW8Ui:k�bXTVU6�VdVomo�SA`�z�buT�n:cVz{U$WXWXi:W?bXTVWXiRd�lRT�W8U�aun�f��Vo�`mcVl[buT�U&U$cVaXU$fxgVomU&i:k�p�qrU�sRU$cebXa�yV`���U���yWXd�cVcV`mc�l�fviRWXU[buT�n�c�buTVU+cedVfxg"U�Wwi�k�dVcV`���d�Ux�~��a�lR`�s:U�c�bXTVUhU$cVaXU$fxgVo�U:�6��c�iRWXz�U�W&bXi� cVz�bXTVU�U�W8WXiRWxi:c�bXTVU�a8U��ed�n:ctbu`�bu`mU$a�y�buT�U�c�y�S�U�bXiEi:��n:c�U$f���`mWX`���n:o�n:�V��WXitn:��T��¡ ¡Ubui�iR��bXTVU{U�c�aXU�fhgVomU�i:k5aX`�lRc�n:o�p�q¢U�sRU�ctbXa£n�b�¤¥Z&¦¨§ª©R«Ey¬z�`�s�`mzV`�cVl`�b+`mctbui�®¯U��ed�n�oaXd�gE°�U$cVaXU$fxgVomU$a�y~n:c�z±buTVU$c±WXdVc�cV`mcVl³²:´R´R´¯�?��ahSA`�buTµ§ª�:®bXTVU{a8bun:cVz�n�WXz±cedVfxg"U�W+i:kU$s:U�ctbuau�:�~��dVa8`mcVl¶a8`mlRc�n�oVp�q�bun:�:U$cvU9·E��omd�aX`�s:U�o�¸+k�W8iRf¹n&aX`mc�lRomU�aXdVgE°ºU�cVa8U�fxg�omU:�¼»�iR`mcVlbuT�`ma¬k�iRW�U�n:��Tvi:k buTVU5U$`mlRTtb~aXd�gE°�U$cVaXU$fxgVomU$a�ytS�U6i:g�b�n:`�cVU�z�U$`mlRTtb~�Vd�omoESA`�z�buT�a~n:cVz£U�`�lRTtbU�W8WXiRW8a�½ buTVU+¾&p�¿i:k-buTVU$aXU+��dVn:ctbu`�bX`mU$a6��n:fvU+iRdEb6bXi�g"UK´��À´R©v`mc�bXTVUh��n:aXUKi:k¬bXTVUK�VdVomoSA`mzEbuTn:cVz´���§ªÁvÂ[U�Ã[���$Ä&`�c{buTVU[��n:aXU[i:k�buTVU[U$WXWXi:W�y�SATV`���TS�UKn:aXa8`mlRc�U�z¯n:a�buTVU[U$WXWXi:WiRc�buTVUK�VdVo�o�SA`mz�bXT�n:c�z¯buT�U+U$WXWXi:W��jÅ5T�`maAS�n:a6zViRc�U+iRc�o�¸{k�iRW5bXTVUKk�d�omo�¸�WXU�n:om`�a8bu`��¶��n:a8UzVU$aX��W8`mg"U�z³`�c³¿EU$�:��©���ÆV½�TViªSjU�sRU$W�y�buT�U�aXUhU�WXW8iRWXa�n:WXUhn:oma8i�dVa8U�z�k�iRW&i:buTVU$W�y�aX`ml:c�n:o�°ºiRcVo�¸�~��a�y n:ajbXTVU��ed�n:ctbX`�bu`�U�ajbXTVU�fvaXU$o�s:U�aKÇ.��dVomo"SA`mz�bXT�y�U�bu�:�ÀÈ£n:WXU�i�kÉlRWXU�n�buU$W�`mctbuU$WXU$a8b5buTVn:cbuT�UKU$WXW8iRWXaAiRc�buT�UK�ed�n�cebX`�bX`mU�a$�
Ê{Ë�Ì Í�Î$Ï�Ð�ÑhÒ�ÓÉÔÕÐ³Ò$Ö ×ÙØ#Ú

Û aAn+bXU�a�bAi:k�buTVUwaX`ml:c�n:o"`mctbuU$lRWun�bX`miRc�zVU�a8��W8`mg"U�z�`mc�qjTVn:����«�yV�~��a�SjU$WXU¶WXd�c�dVaX`�cVliRcVo�¸ha8`mlRcVn:o�p�q�U$s:U�ctbua$½EbXTVUAn:aX�"U���bua�i:k bXTVUAn:c�n:o�¸�aX`ma¬zVU�a8��WX`�g�U$z£`mcvqjT�n:���tÜ�zVU�a8`mlRc�U�zbui£T�n�cVzVomU[dVc�zVU�a8`mWun�gVomU¶U�sRU�ctbXa6°�`]�ÝU:��y�buT�UKgVn:���elRWXiRd�cVz�T�n�cVzVom`�cVl£n:cVz�buT�UKo�`m��U�om`�TVi�iEz��dEb-°"SjU$WXU�U9·E��omd�zVU�zhk�W8iRf#buT�Ujn:cVn:o�¸�aX`�a-f�n:��TV`�cVU�W�¸R�¬¿E�"U���` � ��n�omo�¸:yÞb�S�i&b�¸��"U�a¼i�k�aX`�lRc�n:o�~��ahSjU$WXU{W8dVc�ß£iRcVU�`mctsRi:o�sRU$z±dVa8`mcVl�i:cVo�¸³bXTVU�à8l:iEi�zVá�a8`mlRcVn:o~U$sRU$ctbua�zVU$aX��W8`mg"U�z�`�cqjT�n:��� Ü�y n:cVz�buTVU[i:bXTVU�WA`�ces:iRo�s:U�z¯dVaX`�cVlvn:omo�a8`mlRcVn:o�U$s:U�ctbua$y�l:iEi�zn:cVzg�n:z��~��cg�i:bXT��n�aXU�a$y�§�©:Á�U�sRU$cebXa��:�~��S�U�W8U�dVaXU$z�½�buTVUxl:iEi�z�aX`�lRc�n:o�iRcVo�¸¯�?�âWXU$aXdVo�bua¶n:W8UxaXT�i�SAc¥`�cã `�lV�É©E��§Ry-n:cVz¡bXTVUvlRiEi�z�äåg�n:z¡aX`ml:c�n:o~�~�#WXU$aXdVo�buaxn�WXU£aXTViªSAc±`�c ã `mlV�É©��O²E���ºbh��n:cg"U+a8U�U�c¯buT�n�b6`�cbXTVU+��n:aXU+i:k¬bXTVUKlRiEi�zaX`ml:c�n:o�WXU$aXdVo�bua$y"bXTVU+g�`=n:a6n:cVzbuTVUK�VdVo�o�SA`mz�bXT
§R§ª´



æ:ç8èé"ê:ëXìîí.æ:ï�çXð�ñ�ç8è�æ:ò8êRó�æ:éVð�è�ôKëuìVè�éVïmæ:ò�ïmò£êRóVð�ñ�æ³í�è$õåëuè�ótëXìVò�ê:íwæ¡ö[è�÷xø~æ:óVù�ëuì�èúVû ð�ð�õAïmù�ëXì�ïmòAêRóVð�ñ�æ�í�è$õ ú è�ç8ü�è�ótëwæ:é"ê�ý:è û óVï�ë�ñ:þjÿ6ê�õ�è$ý:è�ç$ø"õAìVè$ó�é�æ�ù¯ò8ï��Ró�æ�ð�è$ýRè$ótëuòæ:ç8è�ó�� ëAè�� ú ð�ïmü�ï�ëuð�ñ�è��Eü�ð û ùVè�ù�í�çXê�� ëuìVè
	���ò�ø ú è�ç�í�êRç��æ:óVü$è�ùVè��:çuæ:ùVè$òAóVê:ëuï�ü�è�æ:éVð�ñ£ô~ëuì�èéVïmæ:ò&ï�òwóVêªõ æ:é"ê û ë���ö¶è$÷
�Þü���ø"ëuìVè úVû ðmðÉõAïmùEëuì�ï�ò������ æ�é�êªýRè û óVï�ë�ñRø�æ�óVù�ëuì�èhý�æ:ð û èê:í-ëuìVèKòXð�ê ú è��Vë8ëuè$ù¯ëuêvëuìVèKè�ç8çXêRç8òwæÞë�������� ��!vö[è�÷
��ü � ï�ò&æ�é�ê û ë�"#�$� ìVï��:ìVè�ç5ëuìVæ:óïmóvëuìVè6ü�æ�òXè�ê:í�ëuìVè%�Rê�êEù�òXï��:ó�æ:ð�êRóVð�ñ&	��~ò$þ�'5ìVèwü$êRóVü�ð û òXï�êRó�ëXêhé"è&ù�çuæ�õAó{í�çXê��¢ëXìVè�ò8èçXè$ò û ð�ëuò?ïmò�ëuìVæ�ë~ëuìVè6ðmï)(:è�ð�ïmìVê�ê�ùhí�êRç� û ð=æ�ëXè�ù£ïmó&�+* þ,"Eþ-! ú è�ç8í�ê:ç�vò.* û ï�ëuè5õ�è�ðmð�õAìVè$ó�ëuì�è
/�0/ è$ý:è�ótëuòjï�ë~õjê:ç(eòjõAï�ëXì�æ�çXè6ïmó�ëXìVè&æ:òXò û ��è$ù{ùVè$ü�æ�ñ�ü�ìVæ:óVóVè$ð21 /�0/�3 465,7 07�8 08 9�: æ�óVù�ëuì�èí�ê û ç~ëuï)�Rìtë�;8è$ëuò?ïmó£ëuì�èwè$ý:è�ótë5ï�óVùVè�è$ù�ü$ê���è5í�ç8ê��¢ëuìVè<* û æ:ç(=�Ýòjì�æ�ùVçXêRó�ï�>�æÞëuïmê:ó�æ�óVù�óVê�ëû ótõjæ:ótëuè�ùvçuæ�ùVï=æ�ëXïmêRó�þ-ÿ6êªõjè�ýRè�ç$øEï�ë¼óVê�ë�êRóVð�ñ+í.æ:ï�ðmò�ëuê�è��EëXçuæ:ü�ë~ïmó�í�ê:ç��æ�ëuï�êRó+ê:óxëuìVè�ëXê ú
��æ:òXòwí�ç8ê�� /�0/ è�ýRè$óeëXò¶õAìVïmü�ì³ùVê:ó��Ýë¶æ:ùVìVè$çXèxëuê{ëXìVè�ò8è£æ:òXò û � ú ëuï�êRóVò�ø�ï�ëXò�çXè$òXêRð û ëuï�êRó�ï�òïmóví.æ:ü$ë%?A@,B�C?étñ�ëXìVè��þ�D�êRç8ë û ó�æ�ëXè�ð�ñ:øtëuìVè$òXè�è�ýRè�ótëXò&æ�çXè�æÞë�ðmè�æ:ò8ë ú æ:ç�ëuïmæ:ðmð�ñ�è�ð�ï��vïmó�æ�ëXè�ùëuì�çXê û �:ìëXìVè[ðmï�(�è�ð�ïmìVê�êEù�ü û ë6ùVè$òXü$çXïmé"è�ùïmóFEEè$ü:þHG�þI!Eþ
JLKNM OQPSRTRVU WYX�Z[RT\T]_^2\T` acbd]

e ó�êRçXùVè$çhëuêf�VóVù±ëuìVè�è�� ú è$ü$ëuè$ùCé�ï=æ:òhõAï�ëuì�õAì�ïmü�ì�ëuê³ò8ìVï�í ë+ëuìVè{ëXê ú ��æ�òXòg�vè�æÞôò û çXè�ùîí�çXê�� ëuìVèù�æ�ëuæ¥æ:ò�ëuê ú çXê�ù û ü$è�æ�ó û ó�é�ï=æ:ò8è�ùh�vè�æ�ò û ç8è��vè�ótë�øjæ:ò�õjè$ðmðAæ:ò�ëuì�èè�� ú è�ü�ëuè�ù úVû ðmð�õAïmù�ëXìîõAï�ëuì�õAìVïmü�ìîëuê�� û ð�ëuï ú ð�ñ ëuìVè�ï�óVï�ëXï=æ:ð�è�çXç8êRç�ê:í&ëuìVèQ�vè�æ:ò û çXè9ô
�vè�ótëhëXê�ü�êRç8çXè$ü$ëuð�ñ è�ò8ëXï���æ�ëuèvëuìVè�è�ç8çXêRç$ø¼ï�ë+ïmò+óVè�ü$è�òXòXæ:ç8ñ¡ëuê�ç û ói	���òhõAìVïmü�ì�æ�çXè{æ�òçXè�æ:ðmï�ò8ëXïmü£æ:ò ú êRò8òXï�éVðmè�þ e ó�ü�ê:óVò8ëXç û ü�ëuïmój��ëuìVè$òXèk	.��ò$ø¬õjè�çXè�* û ï�çXè$ù¡ëuìVæ�ë+ëXìVè{æ�ý:è�çuæ#�Rèó û �xé"è�ç�ê:íAè�ýRè$óeëXò�ê�í5ëuìVè{í�ê û çg��æl;8êRç+ë�ñ ú è�ò�é"è�ë�æm(�è�ó�í�çXê��n'-æ:éVð�èoG�þI!,p?ëXìVè�ç8è$í�êRç8èëuì�èo	��~ò�ü$êRóVò8ïmò8ëXè�ù�ê:í6æ�ó�æ�ýRè�çXæm�Rè�ê:í
��q$r�þsr�è$ý:è�ótëuòVtu�l�$��þIvw��ôºë�æ#��è$ý:è�ótëuòvæ:ó�ùxq$��þsv
y �$ôºëuæm��è�ýRè�ótëXò�þizwùVù�ï�ëuï�êRó�æ:ð�ð�ñ:ø û óVð�ï�(�è�ïmó±ëuì�è�ü�æ:ò8è�ê:í&ëXìVè�òXï)�Ró�æ:ðHô�êRó�ð�ñ{	���ò�ø�ëXìVè�ò8è
	���ò�õ�è�çXèwç û ó û òXï�ó|�+ëXìVè&í û ð�ð æ:ó�æ:ð�ñ�òXïmò.��æ:ü�ìVïmó�è�ç8ñ:øeï]þÝè:þ�ø�õAï�ëuì�ëXìVè6ðmï�(�è�ð�ïmìVê�êEù�ü û ë5æ�óVùëuì�èéVæ:ü}(~�RçXê û óVùCìVæ:óVùVð�ïmó|� û ò8è�ùîëuê¥ùVè�æ�ð�õAï�ëuì û ó�ùVè�ò8ïmçuæ�éVðmè�è�ýRè�ótëXò�þ�'5ìVè ú ðmê:ëXòxê:íëuì�è+ç8è�ò û ð�ëuò&æ:ç8èKò8ìVêªõAó�ïmóFD¬ï)�Vþ=�Eþs��þ e ë&ü�æ�ó¯é"è+ò8è�è$ó�ëuì�æÞë6ëXìVè�ç8èhï�ò&æ�ó¯è�� ú è�ü�ëuè$ù�éVï=æ�òïmó¯ëuìVè���è�æ:ò û ç8è��vè�ótë¶ê:í��:þ-!{ö¶è$÷���ü���õAì�ïmü�ì³ïmò&ïmóVù�è ú è�óVùVè$ótë¶ê:í�ëuì�èhëuç û èhëuê ú ��æ�òXò�þ

�����



)2Input top mass (GeV/c
155 160 165 170 175 180 185 190 195

)2Input top mass (GeV/c
155 160 165 170 175 180 185 190 195

)2
M

ea
su

re
d 

to
p 

m
as

s 
(G

eV
/c

155

160

165

170

175

180

185

190

195

 / ndf 2χ  5.614 / 8
Prob   0.6904
Value at 172  0.1258± 171.7 
Slope     0.01438± 0.9947 

 / ndf 2χ  5.614 / 8
Prob   0.6904
Value at 172  0.1258± 171.7 
Slope     0.01438± 0.9947 
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 / ndf 2χ  5.752 / 9
Prob   0.7645
Constant  0.1247± -0.2616 

 / ndf 2χ  5.752 / 9
Prob   0.7645
Constant  0.1247± -0.2616 
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 / ndf 2χ  1.906 / 8
Prob   0.9837
Value at 172  0.06174± 1.674 
Slope     0.007106± 0.00642 

 / ndf 2χ  1.906 / 8
Prob   0.9837
Value at 172  0.06174± 1.674 
Slope     0.007106± 0.00642 

Errors scaled by 1/0.9947
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 / ndf 2χ   3.81 / 9
Prob   0.9235
Constant  0.02214± 1.052 

 / ndf 2χ   3.81 / 9
Prob   0.9235
Constant  0.02214± 1.052 
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 / ndf 2χ  3.369 / 8
Prob   0.9091
Value at 172  0.1417± 168.9 
Slope     0.0157± 0.9594 

 / ndf 2χ  3.369 / 8
Prob   0.9091
Value at 172  0.1417± 168.9 
Slope     0.0157± 0.9594 
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 / ndf 2χ  10.05 / 9
Prob   0.3467
Constant  0.1417± -3.088 

 / ndf 2χ  10.05 / 9
Prob   0.3467
Constant  0.1417± -3.088 
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 / ndf 2χ  12.77 / 8
Prob   0.1201
Value at 172  0.06174± 2.503 
Slope     0.007106± 0.01957 

 / ndf 2χ  12.77 / 8
Prob   0.1201
Value at 172  0.06174± 2.503 
Slope     0.007106± 0.01957 

Errors scaled by 1/0.9594
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 / ndf 2χ  23.25 / 9
Prob   0.005662
Constant  0.02214±   1.3 

 / ndf 2χ  23.25 / 9
Prob   0.005662
Constant  0.02214±   1.3 
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 / ndf 2χ  5.396 / 10
Prob   0.8632
Value at 172  0.1374± 170.8 
Slope     0.01474± 0.9998 

 / ndf 2χ  5.396 / 10
Prob   0.8632
Value at 172  0.1374± 170.8 
Slope     0.01474± 0.9998 
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 / ndf 2χ  5.396 / 11
Prob   0.9105
Constant  0.1367± -1.204 

 / ndf 2χ  5.396 / 11
Prob   0.9105
Constant  0.1367± -1.204 
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 / ndf 2χ  5.665 / 10
Prob   0.8426
Value at 172  0.05614± 2.528 
Slope     0.006106± 0.007344 

 / ndf 2χ  5.665 / 10
Prob   0.8426
Value at 172  0.05614± 2.528 
Slope     0.006106± 0.007344 

Errors scaled by 1/0.9998
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 / ndf 2χ  10.32 / 11
Prob   0.5021
Constant  0.02021± 1.224 

 / ndf 2χ  10.32 / 11
Prob   0.5021
Constant  0.02021± 1.224 
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 distributionθHadronic W p and cos wdistrib
Entries  30091

Mean x     124

Mean y  -0.002587

RMS x    64.26

RMS y   0.6394

 distributionθHadronic W p and cos 
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 distributionθHadronic top p and cos tdistrib
Entries  30091
Mean x   169.6
Mean y  0.00013
RMS x    84.88
RMS y   0.6778

 distributionθHadronic top p and cos 
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Hadronic W p distribution wpdistrib
Entries  30091
Mean      124
RMS     64.26

 / ndf 2χ  160.4 / 38
C         0.0007536± 0.05383 
A         0.000103± 0.03224 

-Ax e3y = Cx

Hadronic W p distribution
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 distributionθHadronic W cos wctdistrib
Entries  30091
Mean   -0.002594
RMS    0.6401

 / ndf 2χ  66.42 / 28
C         20.83±   840 
A         0.02873± 0.8585 

 + A)2y = C(x

 distributionθHadronic W cos 
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Hadronic top p distribution tpdistrib
Entries  30091
Mean    169.6
RMS     84.88

 / ndf 2χ  142.2 / 48
C         0.0002039± 0.01499 
A         7.248e-05± 0.02341 

-Ax e3y = Cx

Hadronic top p distribution
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 distributionθHadronic top cos tctdistrib
Entries  30091
Mean   0.0001214
RMS    0.6785

 / ndf 2χ  49.06 / 28
C         26.65±  1663 
A         0.008999± 0.4028 

 + A)4y = C(x

 distributionθHadronic top cos 
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