
Measurement of R = B (t → Wb) /B 
(t →Wq) in Top–quark–pair Decays 
using Dilepton Events and the Full 

CDF Run II Data set

Camilla Galloni 
University of Zurich 

!
Young Scientist Forum-Rencontres de Moriond -EW 

March 17th 2014

!1



Top Quark and Standard Model
In the picture of Standard 
Model of fundamental 
interactions 

• 3 quarks generation; 

• CKM unitary Matrix (4 
parameters: 3 angles and 1 
complex phase); 

⇒ | Vtd | 2  + | Vts | 2 + | Vtb | 2 =1 

•   | Vtb |  = 0.999146  
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Measurement of | Vtb |  : 

•  Direct: Single Top production 
cross section 

!

!

• Indirect: Decay rate in t t 
events

+0.000021
-0.000046

(PDG),Phys. Rev. D 86, 010001 (2012)
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Top Quark
• Discovered by CDF and D0 in (1995)   

  Phys.Rev.Lett, 74:2626-2631,1995 

• Lifetime: 0.5 10 -24 s   

• Weak decay 

           t→ W q  ∝ | Vtq | 2   

where q is a down-type quark 

• Dilepton final state: 

•  pp → t t → W + W - q q → ℓ ℓ ν ν q q 
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Analysis Strategy 
Ratio between the top quark branching fraction to b quark and to 
the branching fraction to any type of down quark 

!

• ⇒ Physic observable: number of b tagged jets in the event 

• Once selected, data are divided in subsamples according on the 
dilepton type and the b-tagging content 

• (𝑒𝑒,μμ, 𝑒μ) × (0 ,1, 2 b-tagged jets) 

• In each subsample the expectations for the signal (R dependent) and 
background yields (R independent) are compared to data 
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Selected Sample Composition
• Event selection: 

• Whole CDF dataset: 8.7 fb -1 

• 2 Leptons ( 𝑒μ ): 

• ET > 20 GeV (pT > 20 GeV/c)  

• 2 neutrinos: MET > 25 GeV 

• 2 quarks: 

• At least 2 jets: ET > 15 GeV 

• Number of b-tags 
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•  Signal : t t  

• Irreducible Backgrounds 

• Dibosons (WW,WZ,ZZ) 

• Drell-Yan → 𝜏𝜏   

• Processes with different final state 

• W+jets (lepton jet contamination ) 

• Drell-Yan →𝑒𝑒,μμ   (MET from energy 
mis-measurement)
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Events Selected
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• Signal and background 
estimation 

• Pre-tag sample is used to 
evaluate the top pair 
production cross section, 
that will be used for the 
normalization of the signal.
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R Measurement
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• In each sample, the number of events ( μ  ) is predicted as the sum 
of number of background ( b ) and signal ( s ) events 

• sd,t = P( t ; R ) N d,PRE-TAG = P( t ; R ) Ad L σ  

!

• R is measured with a Maximum Likelihood fit 

A is the MC acceptance, L is the luminosity 
σ  is the cross section; P(t;R) is the probability of having t tags

• Poisson probability of finding NOBS 
events in the i-th sample, given the 
expected value μi  

• Gaussian distribution constrains 
the nuisance parameters to vary 
among their measured value within 
their uncertainties
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Result
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R is measured: 
!
!
!
!
!
!

(stat + syst)
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Summary
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• The ratio between the top 
quark branching fraction 
to b quark and to the 
branching fraction to any 
type of down quark has 
been measured using the 
CDF complete dataset in 
the dilepton Channel 

• The CKM Matrix element Vtb 
is extracted and a credibility 
level limit is set using a 
Bayesian statistical  
approach 
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Thanks for your attention
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Back up
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Previous Result
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Likelihood Profile 
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Additional requirements
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Background I
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Background II
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Drell Yan background
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Cross section
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