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Hadronic WW/ZZ decays

e+e−

−→ ννqq̄qq̄: physical motivation

Matrix Element (ME) for ννqq̄qq̄ final state includes Vector Boson Scattering (VBS):
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◮ In SM w/o Higgs: WW → WW /ZZ

scattering ME diverges at
√

s ≥ 1.2 TeV
⇒ Higgs restores unitarity

◮ If Higgs not SM-like:
Scenarios of delayed unitarity restoration
→ Test for BSM physics

◮ Semi-/Leptonic final states also possible,
but: BR(W /Z → qq̄) ∼ 70%

◮ Requires high
√

s

⇒ Studies in this talk at
√

s = 1 TeV
→֒ Test of detector design

=⇒ Study e+e− → ννWW /ZZ → ννqq̄qq̄ at
√

s = 1 TeV at the ILD

Jakob Beyer | WW/ZZ @ ILC | April 23, 2018 | 11/37





My plan

Outline

The International Linear Collider

The International Large Detector

Hadronic WW /ZZ decays

My plan

WW /ZZ separation

Jet reconstruction

Jet corrections

WW /ZZ separation as performance check

Summary

Jakob Beyer | WW/ZZ @ ILC | April 23, 2018 | 13/37





WW/ZZ separation

Outline

The International Linear Collider

The International Large Detector

Hadronic WW /ZZ decays

My plan

WW /ZZ separation

Jet reconstruction

Jet corrections

WW /ZZ separation as performance check

Summary

Jakob Beyer | WW/ZZ @ ILC | April 23, 2018 | 15/37





WW/ZZ separation

Motivation for new study

Goal: Investigate separation of WW and ZZ in e+e− → ννWW /ZZ → ννqq̄qq̄

with new detector model, new software, new physics knowledge

1. Define WW /ZZ events in ννqq̄qq̄ sample on generator level

2. Detector simulation & event reconstruction using iLCSoft (github.com/iLCSoft)

3. Apply preselection for SM background reduction

4. Find invariant masses of the W /Z candidates
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WW/ZZ separation

Find W /Z invariant masses

Goal: Investigate separation of WW and ZZ in e+e− → ννWW /ZZ → ννqq̄qq̄

1. Define WW /ZZ events in ννqq̄qq̄ sample on generator level

2. Detector simulation & event reconstruction using iLCSoft (github.com/iLCSoft)

3. Apply preselection for SM background reduction

4. Find invariant masses of the W /Z candidates

→ Use reconstructed particle to calculate invariant masses of W /Z candidates

◮ Cluster particles into 4 jets

◮ Pair up jets into 2 boson-dijet candidates by minimizing |mjj,1 − mjj,2|
◮ Plot boson masses mjj for (WW ) and (ZZ) events

Jakob Beyer | WW/ZZ @ ILC | April 23, 2018 | 19/37









Jet reconstruction

Outline

The International Linear Collider

The International Large Detector

Hadronic WW /ZZ decays

My plan

WW /ZZ separation

Jet reconstruction

Jet corrections

WW /ZZ separation as performance check

Summary

Jakob Beyer | WW/ZZ @ ILC | April 23, 2018 | 23/37





Jet reconstruction

The TrueJet processor

D. Zeppenfeld:

Standard Model at

Hadron Colliders

(Lecture 2005)

◮ TrueJet:

◮ Processor within iLCSoft

◮ Use MC/simulation information to check
parton/jet information on intermediate
stages of event measurement

⇒ Distinguish clustering, detector resolution,
detector acceptance, ...
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Jet corrections

Neutrino corrections

Hadron in jet gives off l±ν pair

−→ Correctable if:

◮ l± found

◮ Secondary vertex found

◮ X found

◮ Assumptions about initial hadron possible

=⇒ Investigate lν pairs in TrueJet jets

xxxxxxxxx
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xxxxxxxxx
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◮ No simple correction

possible

→ Find visible particles &
secondary vertex
+ assume hadron mass

⇒ Reconstruct ν
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WW/ZZ separation as performance check

WW /ZZ in ILDPerformance

Implemented script into ILDPerformance to run:

◮ Detector simulation → DDSim (github.com/iLCSoft/lcgeo)

◮ Event reconstruction → PandoraPFA (github.com/PandoraPFA) &
ILDConfig (github.com/iLCSoft/ILDConfig)

◮ WW /ZZ analysis → Marlin (github.com/iLCSoft/Marlin)

on existing generator files with simple command.

Problem:

◮ simulation + reconstruction = ∼ 5 min/event

◮ need ∼ 30k events

Solution: Run sim+reco distributed on grid
with ILCDirac

(A Tsaregorodtsev, 2010 J. Phys.: Conf. Ser. 219

062029)

⇒ Get plot starting from generator file
within few hours!
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Figure : Plot with current software &
detector model.
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Conclusion & outlook

e+e− → ννWW /ZZ → ννqq̄qq̄ at
√

s = 1 TeV at the ILD

So far:
◮ Investigated WW /ZZ separation

◮ recreated previous studies
◮ found deviations: shifted mass peaks + long tails

◮ Studied causes for deviations
◮ Causes found in jet reconstruction
◮ Shifted mass peak from νs in b jets
◮ Tails from jet-clustering

◮ Started work on ν correction

◮ Implemented WW /ZZ separation as performance check in ILDPerformance

Plan:

◮ Build jet corrections (ν, JES)

◮ VBS analysis using complete Standard Model background
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Jakob Beyer | WW/ZZ @ ILC | April 23, 2018 | 38/37





Preselection

Goal: Investigate separation of WW and ZZ in e+e− → ννWW /ZZ → ννqq̄qq̄

1. Define WW /ZZ events in ννqq̄qq̄ sample on generator level

2. Detector simulation & event reconstruction using iLCSoft (github.com/iLCSoft)

3. Apply preselection for SM background reduction:

→ apply cuts as in previous work (ILD Letter of Intent arXiv:1006.3396):

◮ Cuts on jet content to reject tt̄ events

◮ Y34 > 0.0001 → Event does not have less than 4 jets

◮ Suppress 2- and 4-fermion and ZWW /ZZZ(, Z → νν) background using
mmissing, ET,visible and pT,visible

◮ Missing momentum not from particles going to beam pipe

◮ Suppress ISR-γ →hadrons events using highest energetic track

◮ Reject tt̄ → bb̄qq̄lν using cone around most energetic track

4. Find invariant masses of the W /Z candidates

Jakob Beyer | WW/ZZ @ ILC | April 23, 2018 | 40/37






