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High-pT lepton final states 
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• High-pT lepton final states can be created by decays of heavy bosons, 

quantum black hole, etc. predicted in many models of physics beyond 

the Standard Model.  

 Extra-dimension, E6 modules, R-parity violating SUSY, etc.. 

• These final states have high sensitivity to heavy particle due to high 

trigger, reconstruction and selection efficiencies. 

• Search for high-pT lepton final states is an important program in the 

ATLAS experiment. 

• Single lepton: en, mn  

• Two leptons: ee, mm, em 

Target final states: 

The analyses were performed by using 2015 

data of 3.2 fb-1 taken at Sqrt(s)=13 TeV. 



Benchmark physics 
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Single lepton final state 

• W’en/mn: SSM (https://arxiv.org/abs/1606.03977) 

• SSM is extended SM with W’ and Z’. 

Flavor conserving two lepton final states 

• Z’ee/mm: SSM, E6 models 

• Non-resonant llqq contact interactions (CI) 

• ATLAS-CONF-2015-070 (https://cds.cern.ch/record/2114842) 

Flavor violating two lepton final state 

• Z’em: SSM  

• QBHem: Extra-dimension predicted in n=6 in 

ADD, n=1 in RS 

• ATLAS-CONF-2015-072 (https://cds.cern.ch/record/2114844) 
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Analysis procedure 
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1. Event and charged lepton selection 

 Cut based selection 

 

2. Background estimation 

 Real lepton with MC samples 

 Fake lepton with data driven method (Matrix method) 

 

3. Estimation of systematic uncertainties 

 

4. Calculation of mass limit 



Signal selection 
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Single lepton selection 

• Single electron/muon trigger 

• Selecting events with single isolated electron/muon with high-pT.  

• The transverse mass is used for the discriminant variable:  

Two leptons selection 

• Single electron/muon trigger (di-electron trigger for Z’ee) 

• Selecting two isolated leptons with high-pT or high-ET. 

• Di-lepton invariant mass (Mee, Mmm, Mem) is reconstructed by 

using di-lepton pair with the highest scalar pT sum or ET. 



Background estimation 
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BG from real leptons 

• Drell-Yan (DY), ttbar and single top, di-boson 

• Estimated with MC.  

 The results of the fitting with smoothly decaying functions is used 

in case MC statistics is not enough. 

• Modeling of DY process with mass-dependent K-factors (NNLO in 

QCD and NLO in EW) 

BG from fake leptons 

• Fake leptons from multi-jet or W+jets processes 

 Negligible for di-muon channel. 

• Estimated with data-driven method (Matrix method  see next page) 



Estimation of multi-jet backgrounds (W’) 
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Measurable quantities 

• T: passes “signal” selection 

• L: passes “loose” selection 

Truth quantities 

• R: real leptons 

• L: fake leptons 

• r: fraction of real leptons passing signal selection 

(evaluated with MC W sample) 

• f: fraction of fake leptons passing signal selection 

(evaluated with jet enriched data sample) 

(for W’ analysis) 

The matrix method is used to estimate backgrounds from fake leptons. 



Systematic uncertainties 
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Experimental 

• Efficiency (Lepton trigger, reconstruction, identification, isolation) 

• Lepton energy scale and resolution 

• Missing transverse energy scale, resolution 

• Jet scale, resolution 

• Luminosity 

• Data-driven estimation of instrumental backgrounds (multi-jet) 

• Extrapolations to high masses due to low MC statistics  

 top and di-boson in two lepton final states 

Theoretical 

• PDF choice and variation 

• as scale, higher-order EW corrections 



Example of systematic uncertainties (W’) 
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Systematic uncertainties in the expected number of events at mT = 2(4)TeV 



Transverse mass distribution (en, mn) 
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• CC-DY dominates over entire mT range. (90% for mT>1TeV) 

• The discrepancy of data and MC at low mT (still within 1s) is 

within ET
miss related systematic uncertainties.  

• The observed events agrees with the background estimate. 

Transverse mass distributions for electron and muon channels 



W’ mass limit (en, mn) 
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• All observed limits are within 2s of 

the expected limit. 

• W’ mass limit is improved by 800 

GeV, compared to ATLAS Run-1 

result. 

95% CL upper limits on s x B Normalized cross-section limit 



Di-lepton mass limit (ee, mm) 
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Mass limit 

Z’ SSM 3.4 TeV 

Z’c 3.08 TeV 

Z’Y 2.79 TeV 

• No significant excess is observed.  

• The observed lower mass limits are set in 

combination with electron and muon channels. 

• The mass limit is improved by 500 GeV, 

compared to ATLAS Run-1 result for Z’SSM 

95% CL upper limits on s x B Di-electron mass distribution 



Di-lepton CI scale limit (ee, mm) 
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The lower limits on the energy scale L for various llqq coupling 

scenarios are obtained. 

•  hij (i,j = L or R): 1 or -1 

•  hij = -1: Constructive 

•  hij = +1 : Destructive 

95% CL lower exclusion limits on L 



Di-lepton mass limit (em) 
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• Good agreement between data and background estimation is observed. 

 The largest local significance: 1.7s @ Mem = 2.1TeV 

• The mass limit is improved from Run-1 (2.5 TeV for Z’ in Run-1) 

95% CL lower mass limits on s x B of Z’ and QBH 

Invariant mass of em pairs 



Summary and Conclusions 
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• High-pT lepton final states are powerful probes to search for 

physics beyond the Standard Model. 

• Searches for single and two high-pT lepton final states have 

been performed in the ATLAS experiment. 

• No evidence of the new physics was found by using LHC 

Run-2 data of 3.2 fb-1 taken at Sqrt(s)=13 TeV in 2015. 

• The mass limits were improved, compared to the results of 

Run-1 analyses. 

• The improvement of the mass limits is expected with high 

statistics taken in 2016 (~25fb-1). 



Backup 
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Efficiency (W’) 
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Acceptance x efficiency (W’) 
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Event-display of one high-pT lepton 
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Systematic errors (ee, mm) 
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Event yield (ee, mm) 
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Mass limits (ee, mm) 
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Limits on CI (ee, mm) 
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Event-display (ee, mm) 
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Systematic errors (em) 
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