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• FCNC Top 

• Expected sensitivity of ATLAS to FCNC top quark decays t→Zq and t→Hq  

• New PUB note for ECFA 2016: ATL-PHYS-PUB-2016-019 

• ssWW 

• Studies of W±W± boson scattering  

• Scoping document: https://cds.cern.ch/record/2055248/

Introduction
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-019/
https://cds.cern.ch/record/2055248/
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• Expected sensitivity to FCNC top quark decays estimated for 3000ifb at 14 TeV, <μ>=200 

• 2 different channels: t→Zq and t→Hq 

• 3 signal samples with different couplings 

• 3 different detector upgrade scenarios: reference, middle, low 

• reference: extended inner tracker and very forward muon tagger (up to |eta|=4.0) 

!

!

•

FCNC Top
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• HL-LHC extrapolations: 

• 10x10-5 

• 1.5x10-4

• Run 1 results: 

• Br(t→Zq) < 50x10-5 

• Br(t→Hu(c)): 45(46)x10-4
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• Leptons 

• Tight ID 

• pT > 25 (30) GeV for t→Hq (Zq) 

• |eta| < 4.0 (reference); 3.2 (middle); 2.7 (low) 

• Jets  

• pT > 30 GeV (40 for b-jets in t→Zq)

FCNC Top
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• Expected signal yields 

!

!

•

t→Zq
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• Exactly 3 leptons: 

• leptons 1,2 form OSSF pair 
in [65,115] GeV 

• lepton 3 within |eta| < 2.5 

• At least 2 jets: one b-tagged, 
one not b-tagged
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• Expected background yields: 

• tZ and tWZ estimated by scaling ttZ 

!

!

!

!

•

t→Zq
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• Exactly 3 leptons: 

• leptons 1,2 form OSSF pair 
in [65,115] GeV 

• lepton 3 within |eta| < 2.5 

• At least 2 jets: one b-tagged, 
one not b-tagged
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• ETmiss; n(b-jets); n(light-jets) 

• reference scenario 

!

!

!

•

t→Zq
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• Kinematic reconstruction: 

!

!

• ν is four-mom of neutrino: 

• νT = ETmiss 

• νL = free parameter pZν - chosen to minimise Χ2 

!

•

t→Zq
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t→Zq
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• B(t→Z u,c) 95% CL upper limits (no sys): 

• obtained from LH fit to Χ2 distribution 

!

•

t→Zq
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• Systematics 

!

!

!

•

t→Zq
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• Lumi: (theory) 

• WZ and signal xsec: (theory) 

• Z+jets and ttbar xsec: (data-driven) 

• tZ and tWZ normalisation: (theory) 

• ttV normalisation: (theory+data)

• 2% 

• 6% 

• 62% (Run 1 fake rate) 

• 50% 

• 30%

• 2% 

• 6% 

• 30% (HL-LHC fake rate) 

• 10% (updated since Run 1) 

• 6% (estimated from ttbar xsec)

• Set A: 
Run 1 
driven

• Set B: HL-LHC 
predictions
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• B(t→Z u,c) 95% CL upper limits (with sys): 

• Significant degradation of sensitivity 

!

!

•

t→Zq
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• t→Hq
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• Events split into 6 categories 

!

!

!

•

t→Hq
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• One isolated lepton 

• Two or Three b-tagged jets  

• Non-btagged jets
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• n(b-jets); top mass; 2 b-jet mass  

• in reference scenrio 

!

!

!

•

t→Hq
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• Event yields for reference layout 

!

!

!

!

!

•

t→Hq
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!

!

• Analysis uses a discriminant for each category (probabilities and 
templates used in backup) 

• Profile likelihood method used to establish limits

t→Hq
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• B(t→H u,c) 95% CL upper limits (no sys): 

!

•

t→Hq
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• Systematics 

!

!

!

•

t→Hq
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• Lumi: (theory) 

• ttbar normalisation 

• signal & non-ttbar normalisation 

• b-tagging 

• light jet fake rate

• 2% 

• 15% 

• 6% 

• 4% 

• 20%

• 2% 

• 6% 

• 6% 

• 2% 

• 10%

• Set A: 
Run 1 
driven

• Set B: HL-LHC 
predictions
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• B(t→H u,c) 95% CL upper limits (with sys): 

• Factor ~2 degradation 

!

!

•

t→Hq
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• ssWW
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• Context: the ATLAS Inner Detector will be replaced by an all-silicon 
tracker, the ITk. Several tracking scenarios were under consideration, 
which differ in the pseudo-rapidity coverage: 

• Bronze (Low) scenario: |η| < 2.7  

• Silver (Middle) scenario: |η| < 3.2  

• Gold (Reference) scenario: |η| < 4.0 

• For the whole analysis, μ=200 was assumed.

ssWW
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ssWW

• ssWW HL-LHC Analysis 
• Two forward jets well separated in rapidity 
• Two same-sign leptons 
• ETmiss 
• Dominant backgrounds: ssWW QCD and WZ
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• The background contributions were estimated from data in the Run 1 
analysis. 

!

• For the SD analysis: 

• Model only ssWWQCD and WZ  

• Scale ssWWQCD and WZ by 1.7 to account for other backgrounds 

ssWW
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• HS vs PU jets for different scenarios 

!

!

!

!

•

ssWW
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• Main gains come from extended tracking: 

• greater lepton coverage (reduces WZ) 

• greater PU jet rejection (track confirmation) 

!

!

•

ssWW
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• Backup
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!

•

t→Hq
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!

•

t→Hq
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SD Gold
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SD Bronze
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