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Measurement of VBF Zjj production at √s=8TeV and √s=13TeV 

• EWK Zjj production is rare, just 1% of the inclusive Zjj production at the LHC

– Extract electroweak cross section in EWK-enhanced phase space regions (high mjj, 
low central jet activity)

– Measure inclusive Zjj cross sections to ensure longevity

Electroweak Zjj Strong Zjj
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• Fiducial cross section measurement using control region to constrain shape of strong 
Wjj background (technique adapted from 8 TeV Zjj analysis) 

• Comprehensive set of differential cross sections (using MC for strong Wjj)
– Strong and EW Wjj dominated processes (all other backgrounds subtracted)
– EW Wjj (all backgrounds, including strong Wjj, subtracted)

• Limits on anomalous WWZ, WW! TGCs

Measurements of VBF Wjj production at √s=7TeV and √s=8TeV  
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Electroweak signal
processes

Strong background 
processes



Zjj: Five fiducial regions - different sensitivity to electroweak Zjj

--- Z-boson selection
--- Baseline jet selection

--- Probe of high-pT or high-mass
--- Search/control cuts for electroweak extraction
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pT > 25 GeV



Wjj – several fiducial regions for different measurements
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C ≤ 0.4

EW Wjj measurement is systematics dominated
-> tighter cuts on hadronic system

Ample statistics allows for broad set of measurements,
including first differential EW cross sections.



Inclusive Zjj measurements of each region at √s=8TeV and √s=13TeV

Inclusive Zjj

EWK-only Zjj
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Differential inclusive Zjj cross section measurements
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EWK Zjj: extraction of signal

• Signal extracted using a two template fit in 
EWK enhanced ‘search’ region

• Strong Zjj background template constrained in 
a EWK-suppressed ‘control’ region
– Reduces impact of experimental (JES/JER) 

uncertainties and theoretical modelling
uncertainties
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EW-enriched regionEW-suppressed region

Data-driven constraint 



Electroweak Zjj cross sections at √s=8TeV and √s=13TeV
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Wjj: inclusive measurements
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EW constrained fit

EW cross sections
unfolded using MC



Wjj: fiducial measurements
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• EW Wjj enhanced at high dijet inv. mass
• Data driven Multijets background estimation
• Other backgrounds estimated with MC 

• Strong Wjj background constrained with data in 
control/validation region

• Template fit of dijet mass distribution in signal 
region used to extract EW cross section

• Uncertainties estimated by propogating 1!
variation through constraint and template fit.



Wjj: fiducial measurements
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Wjj: differential measurements of Strong+EW Wjj
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Wjj: differential measurements of EW-only Wjj
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Limits on aTGCs (I)
• Anomalous WWZ couplings parameterised using an effective lagrangian:
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Electroweak ZjjDiboson: WW

On-shell W’s, off-shell Z
All bosons timelike, Q2>0

Off-shell W’s, on-shell Z
Z-boson timelike, Q2>0
W-bosons space-like, Q2<0



Limits on aTGCs (II) – using Zjj at √s=8TeV 

• Number of observed events in data at mjj > 1 TeV used to set limits on the aTGC
parameters:

– SHERPA used to parameterise the mjj dependence on the aTGC.

– Dipole form factor with two choices of unitarisation scale, Λ=6TeV and Λ=infinity

– Electroweak cross section also measured in this region, for good measure:
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�
mjj>1TeV
EW = 10.7± 0.9 (stat)± 1.9 (syst)± 0.3 (lumi)
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Limits on aTGCs (III) – using Wjj at √s=8TeV 

• Number of observed events in data at mjj > 1 TeV and pT,jet > 600 GeV used to set limits 

on the aTGC parameters:

– SHERPA used to parameterise the mjj dependence on the aTGC.

– Dipole form factor with two choices of unitarisation scale, Λ=4TeV and Λ=infinity
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