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W’->tb: Model Introduction 
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  Boson, spin 1, charge ±1, introduced by many BSM theories 
 

 Chirality 𝑊′𝐿 and 𝑊′𝑅  
 

 𝑊′𝑅 can’t decay to lν since 𝑚𝜈𝑅
> 𝑚𝑊′𝑅

 

 
 Hadronic/leptonic channel: decay mode of W boson comes from top 

 Hadronic: 1 top quark(include 1 b quark and 2 light quarks)+ 1 isolate 
b quark 

 Leptonic: 2 b quarks + 1  lepton(e, μ) + 1 neutrino 
 
 



Hadronic: Selection 
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Data-driven method requires definition of top and bottom 
candidates before tagging 
 Effective mass: 𝑚𝑒𝑓𝑓 = 𝑚𝑗 + 0.15 ∗ 𝑚𝐽 

 
 J: R = 1.0 jet,  
    j: highest 𝑝T R = 0.4 jet  
among those of which are inside J 

 
 R=1.0 jet with the highest effective  
Mass -> top-candidate jet 

 
 R=0.4 jet with the highest  𝑝T and ∆𝑅 > 2 -> b-candidate jet  

 
2 signal categories: ‘0 b-tag in’ and ‘1 b-tag in’ inside top-

candidate jet 

Anti-kT jet 
∆𝑅 



Hadronic: Top tag for W’ 
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 Top-tag method: Shower deconstruction 
 

 Exclusive kT sub-jet inside ‘top jet’ 
   (splitting scale threshold = 15 GeV) 

 
2 sub-jets to match W mass  
    plus 1 more sub-jet to  
    match top-quark mass 

 
 Estimate the likelihood of a top- 
     quark decay vs that of a light- 
     quark/gluon showering 

 
Better performance in high 𝑝T 

Top quark shower history 

light jet shower history 



Hadronic: Background 
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 Similar background as in single-top pair resonance search 
 

 Dominant one is QCD multi-jet  
 

 ABCD method for estimating  
background 

 
 Top-tag: loose/tight (80/50 W.P.) 

 
 b-tag: tagged/not tagged (77 W.P.) 

 
 Two taggers have non-negligible  
correlation. Correlation factors R  
are derived from QCD  background  
simulation for each SR 



Hadronic: Mass Spectrum 
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3 Signal regions 
Tight top tag, 0 b-tag in 
 Loose top tag, 1 b-tag in 
Tight top tag, 1 b-tag in 

 
Profile likelihood fit 

 
Most significant systematic 

uncertainties 
ABCD correlation factors 

and b-tagging 
 

No excess found, perform 
limit setting 

Tight top tag, 1 b-tag in 



Hadronic: Limits Setting 
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 Limits for 𝑊′𝑅 on cross-
section*BR 
 

 Exclude 𝑊′𝑅 mass up to 
3 TeV at 95% CL 
 

 Exclude 𝑊′𝐿mass up to 
2.85 TeV 95% CL 
 

 Limit at Run 1 ( 𝑠  = 8TeV) 
of 𝑊′𝑅: 1.76 TeV, 95% CL 



Leptonic: Selection 
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 Overlap removal: 
     Jets  ΔR(Jet, elec) = 0.2 
     Electrons  ΔR(elec, Jet) = 0.4 
      
     Muon ΔR(μ, jet) < 0.04 + 10 GeV/pTμ are 
     rejected if the jet has at least three  
     tracks originating from the primary vertex 
 
     Any jets with less than three tracks  
     that overlap a muon are rejected 

1 

top 



Leptonic: Reconstruction 
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 Neutrino 𝑝𝑧 calculation 
 Estimated from MET and W mass constraint 
 Modify when discriminant < 0 

 
 Top and W’ reconstruction 

 Find jet that gives 𝑚𝑙𝜈𝑏  closest to top-quark mass: jet “b 
from top” 

 Assign highest pT remaining jet to W’ decay: jet “b from 
W’ ” 



Leptonic: Background 
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 ttbar, single-top, diboson and W+jets backgrounds 
 Modeled using the simulated MC samples 
 Dominant in signal regions:  ttbar and W+jets production, the 

normalisation of these backgrounds is allowed to float freely in 
fit 

 Multijet background 
 Estimate from data using Matrix Method 



Leptonic: Mass Spectrum 
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2 TeV, 3-jet, 1 b-tag, electron 

 SR: 2/3jets+1/2b-tag+e/μ 
 

 Below  masses of 2 TeV the 
dominant uncertainty: ttbar 
normalization and shape 
modeling 
 

 At higher masses the dominant 
source of uncertainty: multijet 
background and b-tagging 
uncertainty 
 

 2-jets vs 3-jets region cross-
extrapolation has been 
considered because of the 
categorization for signal regions 



Leptonic: Limit Setting 
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 Limits on 𝑊′𝑅 cross-
section * BR 
 

 Exclude 𝑊′𝑅 mass up to 
3.15TeV at 95% CL 
 

 Limit at Run 1 ( 𝑠 = 
8TeV) of 𝑊′𝑅: 1.92 TeV, 
95% CL 
 

 Exclude 𝑊′𝑅 mass up to 
3.25TeV at 95% CL, 
combined with W’->tb 
hadronic channel result 
 



Leptonic: Limit Setting 
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 Limits on the ratio of 
couplings gʹ/g as a 
function of the Wʹ 
mass are derived from 
the limits on the Wʹ 
cross section 
 

 Different couplings 
lead to different cross 
sections and widths 



Summary 
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Present 2 recent results of searching for heavy resonances 
decayed to top and bottom quark 
W’->tb->qqbb 
W’->tb->lνbb 

 
No significant deviation between data and background 

prediction 
 

 Significant improvement on mass limits from Run 1 for both 
analyses 

 
 



Backup 
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Hadronic: Event yields 
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Hadronic: W’L limit plot 
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Combined W’R limit plot 
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Leptonic: Event yields 

2018/6/23 Rui Yuan 20 


