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Introduction

Hadronic and jets activity

References

In pp collisions at LHC VBF production has 
a very distinct experimental signature of 
two energetic hadronic jets (tagging jets) in 
forward and backward regions.
The study of the VBF production of Z 
boson is an important benchmark to cross 
check and validate other VBF productions 
as Higgs bosons. However, in the case of 
the VBF production of electroweak bosons 
other processes lead to the same final 
state and  cannot be neglected as they 
yield large negative interferences with the 
VBF production. 

VBF bremsstrahlung multi-peripheral 
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Analysis aims to select ‘VBF-like’ events:
• Central leptonic Z decay associated with 2 

energetic forward-backward light-quark jets
• Large Δη separation between the jets and 

large invariant dijet mass Mjj
• Colour exchange suppression is also 

expected between the tagging quark jets 

VBF Event Properties

Selection:
• 2 iso leptons,pT > 20 GeV
• |ηe/μ| < 2.5/2.4
• |MZ - Mll| < 15 GeV

• ≥ 2 jets
• pT > 50,30 GeV
• Mjj > 200 GeV

Background modeling
Analysis strategy : 
• Select EWK VBF-like events
• use MVA methods to discriminate S/B
• use MC-based and Data-driven 

background models
• Extract the signal and BG x-sec
• Study hadronic activity in signal region
Background modelling : 

Signal discriminants and extraction Results

Since DY Zjj is main BG it is important to have 
a good prediction of it
★Simulation based prediction :
MadGraph simulation with MCFM NLO 
correction factors as function of Mjj and 
rapidity of Z in dijet rest frame.
★Data-driven prediction :
Production of γjj is expected to resemble DY 
Zjj production and therefore used to model 
shapes of kinematic observables of tagging 
jets. A selection is done in similar way as Zjj 
and γ pT is reweighted to Z pT
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Several discriminating variables are combined and 
used to train MVA(BDT) to separate EWK Z + 2 jets 
signal from DY BG. Discriminating variables are using 
distinct topological characteristics of signal. 

  Simulation based                           Data-driven  
Uses dijet and Z 
boson kinematics 
and quark/gluon 
discrimination

Uses solely dijet-related 
variables. Events are split in 
4 Mjj categories : [450-550],
[550-750],[750-1000] GeV

• Mjj
• |ηj1| + |ηj2|
• y(Z)
• z*(Z)
• pT(Z)
• q/g discriminator

• Mjj
• |ηj1| + |ηj2|
• Δφjj
• pT(j1), p(j2)
• ηj1,ηj2
• Δrel(jj)
• q/g discriminator

where : 
• Δrel(jj) = |pT(j1) + pT(j2)| / pT(j1) + pT(j2)
• z*(Z) = [ y(Z) - (y(j1)+ y(j2))/2 ] / Δy(jj)

Binned maximum likelihood is used to fit the 
BDT shape and extract the signal strength. 
Interference between EWK Z + 2 jets and DY  
Z + 2 jets is taken into account.
The cross section is then extracted for the 
kinematic region: Mll > 50 GeV, pT(j) > 25 
GeV, |η(j)| < 5, Mjj > 120 GeV, ΔRjj > 0.5
�(EWK Z + 2 jets) = 174± 15(stat)± 40(syst) fb

�LO(EWK Z + 2 jets) = 208± 18 fb

Expected and 
observed 
contours for 68% 
and 95% CL 
intervals on EWK 
Z+2 jets 
and DY signal 
strengths

Z+2 jets radiation patterns are explored 
as function of kinematic variables. MC 
predictions are in agreement with data

Central hadronic activity in Z+2 jets 
events is studied using soft track 
jets, built with tracks of pT>300 MeV 
associated with PV

Εmission of additional jets in a 
region with higher signal purity. 
The suppression of 3rd jet emission 
is observed in data and MC

�7TeV (EWK Z + 2 jets) = 154± 24(stat)±
±46(syst)± 27(theo)± 3(lumi) fb

Efficiency of hadronic veto was tested. Gap 
fraction corresponds to fraction of events 
which don't have 3rd jet with pT > pT threshold. 
Data agrees with MC 


