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ATLAS Experiment

● Collider experiment 
@LHC

● Many-layered design 
with tracking detectors, 
calorimeteres, muon 
chambers, …

● Run 2 data 
→ L = 140 fb-1

→    = 13 TeV√ s
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Measurements of  pp → WWbb
   WWbb is not just top-quark pair production, but it is much more 
   extensive ...

 Two main physics objectives
● Details on WWbb modelling are very relevant for tt & top-quark mass 

analyses, SUSY searches, etc.. 
● WWbb is an important process on its own

● fixed order predictions, etc…
● sensitivity to mt,  top-quark width Γt, αs, PDFs, ...

New measurements are 
performed

● di-lepton channel: pp → bbll + MET
→ Understand tt–Wtb interference 

● l+jets channel: pp → WWbb
→ Measure W-boson kinematics 
→ Determine SM parameters

Non-resonant diagram Hexagon diagramsEW processestt-production
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WWbb in lepton+jets final state
Analysis strategy

● Trigger and identify exactly one lepton (e or   )
● Require Missing ET > 30 GeV
● Identify b-tagged jets

→ Sufficient to identify WWbb events
→ Sizeable amount of data + large cross 
section
→ Very clean signal region

● For precision measurements:
→ Require Whad reconstructed from light jets

μ
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Hadronic W-boson
● Hadronic W-boson is reconstructed from (light) jets
● No 1-to-1 correspondence between various levels (ME-level, 

particle-level, or reco-level)
● Consider W-boson matched when 

● W-candidate efficiencies:
● Reco-level   with  ME (truth)
● Particle-level   with  ME (truth)
● Reco-level with Particle-level

Select 2-jet candidate closest to M(Whad)
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Whad – Naive reconstruction
3-jet candidates 2-jet candidates 1-jet candidates 

Select the candidate 
with the mass closest 
to M(Whad)

Select the hardest 
candidate
(highest pT)

→ pT ordering preferred over mass ordering
→ Select from hardest 1-jet, 2-jet and 3-jet candidates

Reco with  ME
Particle with  ME
Reco with Particle
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Whad - Optimized reconstruction

 Improved algorithm
In addition to ATLAS alg.: 
1) Pre-select two 1-jet, 
two 2-jet and one 3-jet 
candidate (pT - ordered)
2) select cand. with mass 
closest to M(Whad)

No mass constraint 60 < M(Whad)< 100 GeV 

→ Improved efficiency at high pT

Naive W-boson 
algorithm 
1) Construct all 2-jet W-
boson candidates
2) Select the hardest 
candidate

Reco with  ME
Particle with  ME
Reco with Particle
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Whad - Control plots
● W-boson can be well 

reconstructed 
● All properties of WWbb 

kinematics can be measured
● Good agreement with data
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Summary
● Study process pp → W+W-bb with lepton 

+ jets final state
● Precise Whad reconstruction important for 

precision measurements
● Presented improved reconstruction 

algorithm for Whad

→ Combine pT-ordered  1-jet, 2-jet and      
    3-jet candidates
→ Select the candidate closest to M(Whad)
→ Drop low-mass candidates

● Significant improvement in high-pT range
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