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Outline of talk:

Introduction: properties of VBF and VBS

Central jet activity in VBF

Experience with parton shower

NLO QCD corrections to VBF and VBS

hjjj and Zjjj production via VBF at NLO

Conclusions
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Vector boson scattering (VBS)

• Basic process:  VVVV 

• accompanied by 2 quark jets

= tagging jets

• Observe decay leptons of weak

bosons or hadronic V decay

Vector boson fusion (VBF)

• Important Higgs production mode, 

e.g. Htau+tau-

• Determine HVV coupling from

production cross section

• Relatively low background

• Similar: VBF Zjj and Wjj production

Introduction
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Extra jet activity: VBF/VBS signal vs QCD background

• General feature of signal with t-channel color singlet exchange: 

all VBF and VBS processes

• Develop quantitative tools for using CJV in VBF/VBS precision

measurements
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Interface of NLO calculations with Herwig and PYTHIA via 

Powheg Box was implemented by Franziska Schissler

How well can “veto jets” be modeled directly by parton

shower approach?

Differences between basic shower models 

(PYTHIA vs. default Herwig shower vs. dipole shower)

Improvements when adding true NLO corrections

Veto Jets beyond fixed order: Parton Shower interface
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Determine VBF/VBS characteristics with sufficient

precision to extract couplings from LHC data

Need QCD (and EW) corrections

In Karlsruhe we have calculated VBF, VBS and a variety of

other processes involving final state EW bosons with NLO 

QCD precision

Implemented in the VBFNLO Monte Carlo

Publicly available at 

https://www.itp.kit.edu/vbfnlo//wiki/doku.php

NLO QCD Corrections
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Large cancellations between

VBS type graphs and V 

emission off quark lines: 

observe factor 1000 

cancellation due to

interference terms
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NLO QCD corrections to hjjj VBF production available

since 2007

Need NLO QCD corrections to Vjjj and VVjjj

Interface to parton shower

Fast tools required for phenomenological studies

Extension to 3-jet production in VBF/VBS
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Thesis Amon Engemann:  

Zjjj at NLO QCD in VBF approximation

Thesis Belinda Benz: 

extension to Wjjj production

Future: NLO QCD corrections to VBS processes like    

WZjjj or same sign WWjjj production

Interface with Herwig

Extension of calculation to Vjjj production
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Scale variation of (Zll)jjj cross section

Reduced factorization and renormalization scale dependence at NLO QCD

Example shown for fixed scale µ0 = 100 GeV



Dieter Zeppenfeld26 B1c: Central Jet Veto in VBS

Effects on tagging jet pair

Invariant mass of pair                                               rapidity separation
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Distributions of third jet
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VBF and VBS provide powerful tests of

electroweak symmetry breaking

Jet activity/hadronic activity beyond two leading

tagging jets provides a potentially powerful handle                         

on backgound suppression

Goal is to develop CJV into a precision tool for studying

VBF and VBS

First steps are fast NLO QCD simulations for 3-jet final states:                      

available for VBF production of Hjjj, Zjjj, in work for Wjjj production

Small team in Karlsruhe (Belinda Benz, Heiko Schäfer-Siebert, DZ) 

will be joined by Tomas Jezo in fall and collaborates with

Tilman Plehn, Simon Plätzer and Terrance Figy

Conclusions


