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 Two production 
mechanisms for top 
quarks at the LHC: 
top pair (𝑡𝑡 ) and 
single top 
(electroweak). 

 Single top has the 
potential to probe 
hadronization in a 
distinct way with 
respect to 𝑡𝑡 . 
◦ Color Reconnection 
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𝜎𝑡 = 6.2 𝑝𝑏 

𝜎𝑡𝑡 = 227 𝑝𝑏 



 Reconstruct secondary 
vertex from tracks 
coming from 𝐵 hadron.   

 Combine kinematics of 
lepton with that of 
secondary vertex to 
calculate a Lorentz-
invariant observable 
(SVL). 

 Establish the dependency 
of SVL on the top quark 
mass and the method to 
extract it from the data. 
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 1 electron or muon 

 1 forward jet with 
◦ 𝑝𝑡 ≥ 40 𝐺𝑒𝑉 

 2 total jets with  
◦ 𝑝𝑡 ≥ 40 𝐺𝑒𝑉 

 1 Secondary Vertex 

 At least 1 b-tagged 
jet 

 𝑀𝑇 ≥ 50 𝐺𝑒𝑉 

 𝑀𝐸𝑇 ≥ 45 𝐺𝑒𝑉 if 
lepton is an electron 
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 Main backgrounds: 
◦ 𝑊+Jets 

◦ 𝑡𝑡  

 Selection optimized 
for signal/𝑡𝑡  

 Train a BDT 
discriminator 
including: 
◦ η of forward jet 
◦ ∆η of forward jet and 

other jet 
◦ Other angular variables 

are used, but have less 
discriminating power 
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 Muon channel BDT 
output  



 Compared to the baseline cut-and-count, the 
BDT is able to reject 96% more 𝑡𝑡  in the 
electron channel and 97% more 𝑡𝑡   in the 
muon channel, keeping the same signal 
efficiency. 
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WORK IN PROGRESS 



Without BDT Cut – 
muons  

With BDT Cut - muons 
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The processes are ordered according to their yields; single top clearly 
dominates after the full selection. 



 𝑡𝑡  
◦ 3 jet region with 
− 0.05 ≤ 𝐵𝐷𝑇 ≤ 0.11 

 W+Jets 
◦ Region with −0.05 ≤
𝐵𝐷𝑇 ≤ 0.11 

 QCD 
◦ Inverted lepton 

isolation region with 
− 0.05 ≤ 𝐵𝐷𝑇 ≤ 0.11 
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 Run the analysis 
over multiple 
masses using 
Monte Carlo. 

 Create a template 
fit for SVL to be 
used on the data 
dependent on 𝑚𝑡 

 Parameterize shape 
of observable as a 
function of 𝑚𝑡 
 

9 

Asymmetric Gaussian 

Gamma Function 



 Test mass extraction technique with pseudo 
data because this is a blind analysis 
◦ Fit pseudo data to signal+bkg using a likelihood 

function 

 Our model: 
◦ Strength of top process floats freely 

 Single top/𝑡𝑡  ratio kept fixed according to expectations 

◦ Background contribution floats constrained 

 25% Gaussian uncertainty assigned to expected 
normalization 

◦ Top mass floats freely 
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Pseudo-experiments, including signal and background, are used to determine 
bias and statistical coverage of the fit (electron channel). 
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Pseudo Data 

WORK IN PROGRESS 

Bias Pull Signal strength vs. Bias 



 Further explore the modeling of 𝑡𝑡  using data in 
the 3-jet region. 
◦ Remove need to model mass dependency from MC 
◦ Potential to completely remove 𝑝𝑡 uncertainty from 𝑡𝑡  

completely 

 Complete table of systematics 
◦ Background modeling uncertainties 
◦ Color reconnection and underlying event uncertainties in 

single top 

 Unblind the analysis 
 Combine with 𝑡𝑡  result 
 Analyze differences in top and anti-top 

production as a possible probe of CPT invariance. 
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Questions? 
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 A measurement of 
the top-quark mass 
using charged 
particles 
◦ CMS PAPER TOP-12-

030 under approval 

 Single top topology 
has the potential to 
reduce top 𝑝𝑡 
uncertainty in 𝑡𝑡  
events. 
◦ Select high purity 

sample 
◦ Model 𝑡𝑡  using data 
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η of forward jet – muons  
∆η of forward jet and 
second jet – muons  
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