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Motivation
• CDF and D0 analyzes + preision EW data do not exlude: quark seen in Fermilabis an exoti quark with Qtop= - 4/3. (D. Chang et al., Phys. Rev. D59, 091503)

• D0 and CDF: top harge gives preferene for SM predition
• Tevatron experiments are apable to distinguish between SM and exotis but ATLASwants more: the value of top harge!
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Top quark harge reonstrutionThe jet trak harge weighting approahTwo basi steps:
• to �nd a orret b-jet - lepton pair(s) (the lepton and the b-jet should be produedby the same top quark deay).
• to assign of a harge to the b-jet seleted by the pairing riterion∗.

• We use weighting tehnique to assign b-jet harge and invariat mass riterion(W+IMC) to do so (explanation follows on the next slides...)
∗ In the SM a b-jet, oming from a b quark, should be assoiated with a positivelepton (ℓ+), while in the exoti ase it should be assoiated with a negative one (ℓ−).
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E�etive b-jet hargeThe determination of the average b-jet harge was doneusing a weighting tehnique in whih the b-jet harge isevaluated as the weighted sum of the b-jet trak harges:

Qbjet =

∑
i qi|~j · ~pi|

κ

∑
i |
~j · ~pi|κ

where qi(pi) is the harge (momentum) of the ith trakinside the jet and ~j is the b-jet axis unit vetor. The κparameter was optimized for the best separation between b-and b̄-jets and the optimum value was found to be κ = 0.5.
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The lepton and b-jet pairing algorithm

The lepton and b-jet pairing was done usingthe invariant mass distribution of the leptonand the b-tagged jet, m(l, bjet).If they originated from the same t or t̄,
m(l, bjet) is limited by the top quark mass(red), otherwise there is no suh restrition(blue).
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For double b-tagged events, only the b-jetsthat satisfy

m(l, b
(1,2)
jet ) < mcr and m(l, b

(2,1)
jet ) > mcrwere aepted.The optimal value for the pairing mass ut,

mcr = 160 GeV is a trade-o� betweenthe e�ieny (ǫ) and purity (P ) of thepairing method. The fator ǫ(2P −1)2 wasmaximized to �nd the optimum workingpoint.The e�ieny of the method is small butthis riterion gives a high purity samplePavol Federi£, Comenius University 5



Content of this talk...

• Data for our analysis (D3PD format)

• 10 TeV tt̄ D3PD data analysis using W+IMC

• Bakground
• Systematis� trigger� b-tagging method� generator unertainty� top - mass

• Conlusions and todo list
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D3PD data prodution

• for our analysis we use D3PD data format (root TTree)

• no proper D3PD datasets (no traking information) for the both tt̄ and bakgroundwere available therefore we started our own prodution (responsible: Pavol Federi)

• we produed D3PD for tt̄ samples with di�erent generators (5200, 5205, 5206), singletop samples, all available W+jets, Z+jets, diboson and QCD bakground proessesand tt̄ samples with di�erent top mass
• all the data were validated heking the distributions of the most important variables

• data are available on astor and will be registered to DQ2 soon
• the more details an be found at twiki (at present on temporary loationhttps://twiki.ern.h/twiki/bin/view/Sandbox/TestTopi193)
• we will be grateful for any help with validation and/or any omments or suggestions
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W+IMC analysis - standard event seletion riteria (uts)We have analyzed 685099 events of 105200 signal sample (3.2 fb−1)to hoose the proper events we use the following uts (basi on�guration):

• |η| < 2.5, without rak
• Jet pT > 25GeV

• e pT > 25GeV

• µ pT > 20GeV

• standard b-tagging: IP3D + SV 1 > 4.2

• bjet one = 0.40 or 0.25for bakground suppression we an require ompatibility of the seleted topologywith top mass (mass window)Pavol Federi£, Comenius University 8



10 TeV tt̄ D3PD data analysis using W+IMC
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Cumulative e�ienies of the seletion riteria

e, µ (E�ieny of IMC = 28%, Purity of IMC = 87%)Trig OFF N % N %LJ 365984 100,00% DL 60593 100,00%1 isol.lept. 227205 62,08 2 isol.lept. 25304 41,76>= 4jets 167490 45,76 >= 2jets 23995 39,6>= 2 b-tagged 46706 12,76 = 2 b-tagged 5910 9,75missing E t 41749 11,41 missing E t 5063 8,36imass bjet 10843 2,96 imass bjet 1907 3,15Trig ON N % N %LJ 365984 100,00% DL 60593 100,00%1 isol.lept. 190599 52,08 2 isol.lept. 24631 40,65>= 4jets 142104 38,83 >= 2jets 23374 38,58>= 2 b-tagged 39674 10,84 = 2 b-tagged 5768 9,52missing E t 35358 9,66 missing E t 4939 8,15imass bjet 9320 2,55 imass bjet 1859 3,07
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parton level vs. reo leveltype gen type re Q+ Q− Qcomb Nevent ǫ%LJ (e,mu) LJ+DL -0.049 ± 0.003 0.062 ± 0.003 0.055 ± 0.002 18806 100LJ -0.050 ± 0.003 0.063 ± 0.003 0.056 ± 0.002 18244 97DL -0.013 ± 0.020 0.021 ± 0.018 0.017 ± 0.014 562 3DL (e,mu) DL+LJ -0.067 ± 0.006 0.071 ± 0.006 0.069 ± 0.004 6499 100DL -0.063 ± 0.007 0.072 ± 0.006 0.067 ± 0.005 4730 72.8LJ -0.079 ± 0.011 0.069 ± 0.011 0.074 ± 0.008 1769 27.2LJ (tau) DL+LJ -0.037 ± 0.016 0.044 ± 0.017 0.040 ± 0.012 822 100LJ -0.030 ± 0.016 0.044 ± 0.017 0.037 ± 0.012 802 97.6DL -0.346 ± 0.101 0.047 ± 0.088 0.182 ± 0.074 20 2.4DL (tau,e or mu) DL+LJ -0.083 ± 0.013 0.065 ± 0.014 0.074 ± 0.010 1041 100LJ -0.084 ± 0.018 0.063 ± 0.019 0.073 ± 0.013 557 53.5DL -0.083 ± 0.020 0.067 ± 0.021 0.075 ± 0.015 484 46.5DL (tau,tau) DL+LJ -0.111 ± 0.112 0.013 ± 0.077 0.057 ± 0.066 29 100LJ -0.109 ± 0.126 0.006 ± 0.110 0.055 ± 0.084 19 65.5DL -0.116 ± 0.227 0.023 ± 0.093 0.060 ± 0.107 10 34.5
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In�uene of b-tagging methodtrigger OFFbTag Limit one R Qomb NevIP3D + SV1 4,200 0.40 -0,058 ± 0,0023 19428IP3D + SV1 4,200 0.25 -0,065 ± 0,0023 19420SV0 6,000 0.40 -0,047 ± 0,0021 23465SV0 6,000 0.25 -0,056 ± 0,0022 23455SV0 9,350 0.40 -0,048 ± 0,0025 17153SV0 9,350 0.25 -0,058 ± 0,0025 17149SV0 20,000 0.40 -0,042 ± 0,0038 6965SV0 20,000 0.25 -0,050 ± 0,0040 6964JetProb 0,038 0.40 -0,029 ± 0,0049 5198JetProb 0,038 0.25 -0,035 ± 0,0051 5197JetProb 0,078 0.40 -0,012 ± 0,0041 7979JetProb 0,078 0.25 -0,016 ± 0,0043 7977JetProb 0,100 0.40 -0,007 ± 0,0039 9242JetProb 0,100 0.25 -0,012 ± 0,0041 9238JetProb b-tagging requires very high statistis - not very promissingSV0 an be usedPavol Federi£, Comenius University 12



In�uene of b-tagging method + triggertrigger ONbTag Limit one R Qomb NevIP3D + SV1 4,200 0.40 -0,067 ± 0,0025 17134IP3D + SV1 4,200 0.25 -0,060 ± 0,0024 17141SV0 6,000 0.40 -0,048 ± 0,0023 20610SV0 6,000 0.25 -0,058 ± 0,0023 20601SV0 9,350 0.40 -0,050 ± 0,0026 15068SV0 9,350 0.25 -0,059 ± 0,0027 15064SV0 20,000 0.40 -0,045 ± 0,0041 6103SV0 20,000 0.25 -0,054 ± 0,0042 6102JetProb 0,038 0.40 -0,030 ± 0,0053 4559JetProb 0,038 0.25 -0,036 ± 0,0054 4558JetProb 0,078 0.40 -0,013 ± 0,0044 7012JetProb 0,078 0.25 -0,017 ± 0,0046 7010JetProb 0,100 0.40 -0,007 ± 0,0041 8113JetProb 0,100 0.25 -0,012 ± 0,0043 8110
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BakgroundThe expeted bakground for the integral luminosity 1fb−1

bakground Y B/S (%) B/SWM (%)W+HF 81.2 ± 4.9 1.33 ± 0.08 0.23 ± 0.13W+partons 88.2 ± 9.9 1.44 ± 0.16 0.31 ± 0.16Z+partons 12.0 ± 4.5 0.20 ± 0.07 0.31 ± 0.28QCD fakes 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0Dibosons 0.6 ± 0.3 0.01 ± 0.004 0.0 ± 0.0Single top 441.6 ± 29.9 7.23 ± 0.49 2.22 ± 0.58Total w/o S.t. 182.0 ± 11.9 2.98 ± 0.19 0.85 ± 0.35Total 623.6 ± 32.2 10.21 ± 0.52 1.07 ± 0.68Signal 6109.4 ± 76.2 100. 100.

QCD proesses still not �nished...
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Bakground

Bakground distributionNote the bakground has no asymmetry (itis ompatible with zero) unlike the signalsample

The bakground is resaled to the signalsample size (3.2 fb−1), one = 0.4

signal + bakground
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SystematisIn�uene of di�erent top massThe systemati unertainty aused by the top quark mass was estimated from theaverage absolute di�erene between the Qcomb reonstruted at the nominal value(172.5 GeV) and at the masses mt=160, 170, 180 and 190 GeV that has been resaledto an e�etive 2 GeV unertainty. The estimated e�et is about 2.3 % .

mtop GeV Q+ Q− | Qcomb | Nevent160 -0.064 ± 0.011 0.059 ± 0.010 0.061 ± 0.008 1955170 -0.066 ± 0.013 0.074 ± 0.013 0.070 ± 0.009 1397180 -0.050 ± 0.011 0.061 ± 0.012 0.055 ± 0.008 1689190 -0.049 ± 0.009 0.072 ± 0.010 0.060 ± 0.007 2338Table: The mean b-jet harge assoiated with positive (Q+) and negative (Q−)lepton and ombined b-jet harge (Qcomb) for di�erent top quark masses; R=0.25, twob-tags required, trigger not applied
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In�uene of MC generator and pileupThis is the summary on the b-jet harge for the tt̄ signal MC�NLO and AerMC samples for twovalues of one variable, R =0.25 and 0.40 and the signal pileup sample (part of analysis not �nished)type gen R trigger Q+ Q− | Qcomb | PQ [%℄MC�NLO 0.25 o� -0.060 ± 0.0033 0.069 ± 0.0033 0.065 ± 0.0023 59.2±0.4� 0.25 on -0.064 ± 0.0036 0.070 ± 0.0036 0.067 ± 0.0025 59.5±0.4� 0.40 o� -0.050 ± 0.0042 0.060 ± 0.0041 0.055 ± 0.0029 57.4±0.5� 0.40 on -0.051 ± 0.0044 0.063 ± 0.0044 0.057 ± 0.0031 57.6±0.5AerMC (P) 0.25 o� -0.0 ± 0.0 0.040 ± 0.0 0.0 ± 0.0 0. ±0.0� 0.25 on -0.0 ± 0.0 0.066 ± 0.0 0.0 ± 0.0 0. ±0.0� 0.40 o� -0.054 ± 0.0085 0.040 ± 0.0082 0.047 ± 0.0059 56.1±0.9� 0.40 on -0.059 ± 0.0091 0.044 ± 0.0087 0.051 ± 0.0063 56.7±1.0AerMC (H) 0.25 o� -0.0 ± 0.039 0.0 ± 0.0 0.0 ± 0.0 0.0 ±0.00.25 on -0.0 ± 0.039 0.0 ± 0.0 0.0 ± 0.0 0.0 ±0.0� 0.40 o� -0.062 ± 0.0080 0.070 ± 0.0081 0.066 ± 0.0057 59.2±0.9� 0.40 on -0.060 ± 0.0087 0.073 ± 0.0087 0.067 ± 0.0061 59.6±1.0Pileup 0.25 o� -0.050 ± 0.004 0.059 ± 0.004 0.055 ± 0.003 57.6±0.5� 0.40 o� -0.042 ± 0.004 0.051 ± 0.004 0.047 ± 0.003 56.5±0.5
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The systemati unertainties - summary

Soure Syst. error (%)jet + b-jet sale 1.5
∆mt 2.3PDF ?ISR ?FSR ?MC modelling 14.0 ± 9Pile-up 15.4 ± 5.8Bakground unertainty ?total 21.0The systemati unertainties (%) of the meanreonstruted harge, Qcomb, the weightingtehnique and b-deay approahes.

The systemati unertainty stemming fromunertainty of jet/b-jet sales was obtained by 10%variation of the orrresponding salesThe systemati unertainties due to Monte Carlomodeling of tt̄ signal were studied by omparingsamples with di�erent fragmentation parametersThe pileup assoiated systemati unertainty wasevaluated by omparing the standard sample to adediated tt̄ sample inluding pileupThe systemati unertainty aused by the top quarkmass was estimated from the average absolutedi�erene between the Qcomb reonstruted atthe nominal value (172.5 GeV) and at the masses

mt=160, 170, 180 and 190 GeV that has beenresaled to an e�etive 2 GeV unertainty.Pavol Federi£, Comenius University 18



Conlusions
• 10 TeV signal sample was analyzed - using weighting approah we are able toreonstrut b-jet harge assoiated with positive and negative leptons

• we have analyzed dependene b-jet harge on b-jet pT - no strong dependeneobserved
• in�uene of trigger and b-tagging method was also analyzed, IP3D+SV1 seems towork well, SV0 also ould be used
• we have also analyzed systematis - results are summarized at the table above

• bakground study almost �nished (only QCD proesses must be inluded - expetedto be �nished in a few days)

• the preliminary expetation from this study is that to estimate top harge sign withthe unertainty of 5σ we need top quark sample 0.1 fb−1 (resaled from 3.2 fb−1sample)
Pavol Federi£, Comenius University 19



todo list
• to inlude QCD proesses into bakground study

• �nish systematis� PDF� ISR� FSR

• to �nd more e�ient method for pileup suppression
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... still a lot of work to be done

Thank you !
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BACKUP SLIDES
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Estimation of sample required for top harge signdetermination
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Cumulative e�ienies of the seletion riteria

e, µ, τTrig OFF N % N %LJ 548598 100,00% DL 136297 100,00%1 isol.lept. 245908 44,82 2 isol.lept. 29552 21,68>= 4jets 181409 33,07 >= 2jets 27988 20,53>= 2 b-tagged 50471 9,2 = 2 b-tagged 6790 4,98missing E t 45168 8,23 missing E t 5833 4,28imass bjet 11496 2,1 imass bjet 2168 1,59Trig ON N % N %LJ 548598 100,00% DL 136297 100,00%1 isol.lept. 203038 37,01 2 isol.lept. 28624 21>= 4jets 151127 27,55 >= 2jets 27130 19,91>= 2 b-tagged 42164 7,69 = 2 b-tagged 6600 4,84missing E t 37622 6,86 missing E t 5668 4,16imass bjet 9762 1,78 imass bjet 2108 1,55
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b-tagging and trigger in�uenerun Channel bjet one bTag Limit N, Basi N, Basi + trigger N, Basi + mass window5200 No Full Had (e, mu, tau) 0,4 IP3D + SV1 4,200 19428 17141 46295200 No Full Had (e, mu, tau) 0,4 SVO 6,000 23465 20610 50065200 No Full Had (e, mu, tau) 0,25 SVO 6,000 23455 20601 50025200 No Full Had (e, mu, tau) 0,4 SVO 9,350 17153 15068 37955200 No Full Had (e, mu, tau) 0,25 SVO 9,350 17149 15064 37935200 No Full Had (e, mu, tau) 0,4 SVO 20,000 6965 6103 15375200 No Full Had (e, mu, tau) 0,25 SVO 20,000 6964 6102 15365200 No Full Had (e, mu, tau) 0,4 JetProb 0,038 5198 4559 13145200 No Full Had (e, mu, tau) 0,25 JetProb 0,038 5197 4558 13145200 No Full Had (e, mu, tau) 0,4 JetProb 0,078 7979 7012 19195200 No Full Had (e, mu, tau) 0,25 JetProb 0,078 7977 7010 19185200 No Full Had (e, mu, tau) 0,4 JetProb 0,100 9242 8113 21955200 No Full Had (e, mu, tau) 0,25 JetProb 0,100 9238 8110 2195
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more detailed table onerning b-tagging and trigger in�uenetrigger bTag Limit one R Qomb eQomb Nev Qbjet(l+) eQbjet(l+) Nev+ Qbjet(l-) eQbjet(l-) Nev-o� IP3D + SV1 4,200 0.40 -0,058 0,0023 19428 -0,052 0,0032 9682 0,064 0,0032 9746on IP3D + SV1 4,200 0.40 -0,067 0,0025 17134 -0,064 0,0035 8565 0,070 0,0036 8569o� IP3D + SV1 4,200 0.25 -0,065 0,0023 19420 -0,060 0,0033 9680 0,069 0,0033 9740on IP3D + SV1 4,200 0.25 -0,060 0,0024 17141 -0,055 0,0034 8566 0,065 0,0034 8575o� SV0 6,000 0.40 -0,047 0,0021 23465 -0,041 0,0030 11666 0,052 0,0030 11799on SV0 6,000 0.40 -0,048 0,0023 20610 -0,041 0,0032 10268 0,055 0,0032 10342o� SV0 6,000 0.25 -0,056 0,0022 23455 -0,053 0,0031 11662 0,060 0,0031 11793on SV0 6,000 0.25 -0,058 0,0023 20601 -0,054 0,0033 10264 0,062 0,0033 10337o� SV0 9,350 0.40 -0,048 0,0025 17153 -0,041 0,0035 8530 0,055 0,0035 8623on SV0 9,350 0.40 -0,050 0,0026 15068 -0,042 0,0038 7513 0,057 0,0037 7555o� SV0 9,350 0.25 -0,058 0,0025 17149 -0,053 0,0036 8529 0,062 0,0036 8620on SV0 9,350 0.25 -0,059 0,0027 15064 -0,054 0,0039 7512 0,064 0,0038 7552o� SV0 20,000 0.40 -0,042 0,0038 6965 -0,031 0,0054 3497 0,053 0,0054 3468on SV0 20,000 0.40 -0,045 0,0041 6103 -0,035 0,0058 3062 0,056 0,0058 3041o� SV0 20,000 0.25 -0,050 0,0040 6964 -0,038 0,0055 3497 0,062 0,0056 3467on SV0 20,000 0.25 -0,054 0,0042 6102 -0,043 0,0059 3062 0,065 0,0060 3040o� JetProb 0,038 0.40 -0,029 0,0049 5198 -0,024 0,0069 2589 0,035 0,0071 2609on JetProb 0,038 0.40 -0,030 0,0053 4559 -0,027 0,0073 2268 0,033 0,0076 2291o� JetProb 0,038 0.25 -0,035 0,0051 5197 -0,030 0,0071 2589 0,040 0,0073 2608on JetProb 0,038 0.25 -0,036 0,0054 4558 -0,034 0,0076 2268 0,037 0,0078 2290o� JetProb 0,078 0.40 -0,012 0,0041 7979 -0,004 0,0059 3946 0,020 0,0059 4033on JetProb 0,078 0.40 -0,013 0,0044 7012 -0,006 0,0062 3464 0,020 0,0063 3548o� JetProb 0,078 0.25 -0,016 0,0043 7977 -0,012 0,0061 3946 0,021 0,0061 4031on JetProb 0,078 0.25 -0,017 0,0046 7010 -0,014 0,0065 3464 0,020 0,0065 3546o� JetProb 0,100 0.40 -0,007 0,0039 9242 0,002 0,0055 4594 0,016 0,0055 4648on JetProb 0,100 0.40 -0,007 0,0041 8113 0,002 0,0058 4032 0,017 0,0059 4081o� JetProb 0,100 0.25 -0,012 0,0041 9238 -0,006 0,0058 4594 0,018 0,0057 4644on JetProb 0,100 0.25 -0,012 0,0043 8110 -0,007 0,0061 4032 0,017 0,0061 4078
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Bakground N ev N ev / ttbar 1 eventrun Channel Sample x-se K-fator Cross setion [pb℄ N bkg Basi B+trg B+win Basi B+trg B+winWxx7650 Zee Np0 898,18 1,22 1095,78 260794 0 0 0 0 0 0 13,267651 Zee Np1 206,57 1,22 252,02 61767 1 1 1 12,88 12,88 12,88 12,887652 Zee Np2 72,5 1,22 88,45 167116 3 3 1 5,01 5,01 1,67 1,677653 Zee Np3 21,08 1,22 25,72 63412 3 3 0 3,84 3,84 0,00 1,287654 Zee Np4 6 1,22 7,32 18314 0 0 0 0,00 0,00 0,00 1,267655 Zee Np5 1,73 1,22 2,11 5500 3 3 0 3,63 3,63 0,00 1,217660 Zmumu Np0 900,21 1,22 1098,26 270098 0 0 0 0,00 0,00 0,00 12,837661 Zmumu Np1 205,21 1,22 250,36 61686 0 0 0 0,00 0,00 0,00 12,817662 Zmumu Np2 69,35 1,22 84,61 180285 0 0 0 0,00 0,00 0,00 1,487663 Zmumu Np3 21,63 1,22 26,39 64706 0 0 0 0,00 0,00 0,00 1,297664 Zmumu Np4 6,08 1,22 7,42 18470 2 2 0 2,54 2,54 0,00 1,277665 Zmumu Np5 1,7 1,22 2,07 5471 1 1 0 1,20 1,20 0,00 1,207670 Ztautau Np0 902,71 1,22 1101,31 260299 0 0 0 0,00 0,00 0,00 13,357671 Ztautau Np1 209,26 1,22 255,3 62678 0 0 0 0,00 0,00 0,00 12,867672 Ztautau Np2 70,16 1,22 85,6 21249 0 0 0 0,00 0,00 0,00 12,717673 Ztautau Np3 21,07 1,22 25,71 63434 5 5 0 6,40 6,40 0,00 1,287674 Ztautau Np4 6,04 1,22 7,37 18500 2 2 0 2,51 2,51 0,00 1,267675 Ztautau Np5 1,71 1,22 2,09 5479 0 0 0 0,00 0,00 0,00 1,20all Zxx 38 38 14,55Wxx8240 Wenu Np2 148,5 1,22 181,17 158815 7 7 1 25,20 25,20 3,60 3,608241 Wenu Np3 104,08 1,22 126,98 120372 21 20 1 69,92 66,59 3,33 3,338242 Wenu Np4 41,71 1,22 50,89 42458 8 8 0 30,26 30,26 0,00 3,788243 Wenu Np5 14,78 1,22 18,03 14997 9 8 1 34,15 30,36 3,79 3,798244 Wmunu Np2 7,23 1,22 8,82 8981 1 1 0 3,10 3,10 0,00 3,108245 Wmunu Np3 47,63 1,22 58,11 52238 3 3 0 10,53 10,53 0,00 3,518246 Wmunu Np4 30,03 1,22 36,64 31193 8 4 1 29,66 14,83 3,71 3,718247 Wmunu Np5 13,11 1,22 15,99 14999 13 11 0 43,75 37,02 0,00 3,378248 Wtaunu Np2 62,11 1,22 75,77 74930 1 1 0 3,19 3,19 0,00 3,198249 Wtaunu Np3 70,76 1,22 86,33 86988 3 1 0 9,40 3,13 0,00 3,138250 Wtaunu Np4 34,43 1,22 42 38952 3 3 0 10,21 10,21 0,00 3,408251 Wtaunu Np5 14,11 1,22 17,21 14721 3 2 0 11,07 7,38 0,00 3,696280 WbbNp0 5,13 1,22 6,26 15500 4 4 0 5,10 5,10 0,00 1,276281 WbbNp1 5,01 1,22 6,11 29414 100 80 1 65,59 52,47 0,66 0,666282 WbbNp2 2,89 1,22 3,53 8953 82 67 5 101,92 83,28 6,21 1,246283 WbbNp3 1,61 1,22 1,96 5000 69 53 3 85,55 65,72 3,72 1,24all Wxx 538,62 448,38 25,02DIBOSON5921 WpWm enuenu 0,83 1 0,83 24981 1 1 0 0,10 0,10 0,00 0,105922 WpWm enumunu 0,83 1 0,83 24958 4 4 0 0,42 0,42 0,00 0,105923 WpWm enutaunu 0,83 1 0,83 24984 0 0 0 0,00 0,00 0,00 0,105924 WpWm munumunu 0,83 1 0,83 4973 2 2 0 1,05 1,05 0,00 0,535925 WpWm munuenu 0,83 1 0,83 25000 2 2 0 0,21 0,21 0,00 0,105926 WpWm munutaunu 0,83 1 0,83 6976 0 0 0 0,00 0,00 0,00 0,375927 WpWm taunutaunu 0,83 1 0,83 7000 0 0 0 0,00 0,00 0,00 0,375928 WpWm taunuenu 0,83 1 0,83 6959 0 0 0 0,00 0,00 0,00 0,385929 WpWm taunumunu 0,83 1 0,83 7000 0 0 0 0,00 0,00 0,00 0,375931 ZZ llll 0,04 1 0,04 20000 0 0 0 0,00 0,00 0,00 0,015932 ZZ llnunu 0,25 1 0,25 19950 4 4 0 0,16 0,16 0,00 0,045941 WpZ lnull 0,27 1 0,27 15000 0 0 0 0,00 0,00 0,00 0,065971 WmZ lnull 0,16 1 0,16 10457 0 0 0 0,00 0,00 0,00 0,05all dibos 1,94 1,94 0Single Top5500 Wt No All Had 14,41 0,99 14,27 8999 71 65 11 355,25 325,23 55,04 5,005502 than -> l 41,12 1,05 43,18 29961 209 175 10 950,62 795,97 45,48 4,555503 Wt -> ll 2,79 0,99 2,76 32240 364 346 8 98,43 93,56 2,16 0,27all S-Top 1407,65 1218,12 102,69
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