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0 Kanäle betrachtet

4 / 22

Motivation

Theorie

Ergebnisse

Zusammenfassung

Vektorbosonstreuung

Anomale Viereichkopplungen

Unitarität

Vektorbosonstreuung

O(↵6
W ) Prozess mit folgenden Feynman-Diagrammen:

f

f̄

f

f̄

qq

q q

V

V

V

V

V

V V

V

V

VV

V V

V

V

V V

V

H

VV

V V

H

V

V V

V

nur W±
W

± und W
±
Z
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0 Kanäle betrachtet

4 / 22

Motivation

Theorie

Ergebnisse

Zusammenfassung

Vektorbosonstreuung

Anomale Viereichkopplungen

Unitarität

Vektorbosonstreuung

O(↵6
W ) Prozess mit folgenden Feynman-Diagrammen:

f

f̄

f

f̄

qq

q q

V

V

V

V

V

V V

V

V

VV

V V

V

V

V V

V

H

VV

V V

H

V

V V

V

nur W±
W

± und W
±
Z
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3 Electroweak Gauge Boson Scattering

Table 3.1: Feynman diagrams of diboson production in association with two jets at tree
level. Although this is supposed to be a complete list, some diagrams are understood as
representations of a whole set of diagrams with e.g. one final state gauge boson moved
to another leg. If not required in order to construct a well-defined Feynman diagram, the
possible decay products of the final state gauge bosons are not shown for simplicity.
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6 em
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3.2.2 Next-to-Leading Order in Perturbation Theory

Di�erences between the SM simulations and the experimental observations might be misinter-
preted as phenomena of new physics if higher orders in the perturbation theory are contributing
and are not fully taken into account. Calculations and simulations of leading order electroweak
and strong V Vjj production processes are available in various event simulation frameworks
(see Section 5.2). At next-to-leading order, they are not finished at the time of this work.

A visualization of the contributions to virtual next-to-leading order corrections is shown in
Table 3.2. Each process is represented by a typical Feynman diagram. Real emissions and
counter terms are needed in addition to regularize infrared and collinear divergencies. Details
can be found in the following literature summarized in Table 3.3.

V Vjj-EW and V Vjj-QCD processes have been calculated and theoretically studied at next-
to-leading order in perturbative QCD. The publications are summarized in Table 3.3. Pure
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Expected kinematic differences between WZjj-EW and WZjj-QCD

• tagging jets:

• transverse momenta: pT(j1)	pT(j2)

• invariant mass: Mjj

• rapidity difference: ΔYjj 

• central jet veto


• centrality:


• boson/diboson decay products

• third jet


• pT balance:  

• boson/diboson decay products and jets

4

Characteristic VBS Signature
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• two highly energetic jets (called tagging jets) (3,4)

• large pseudo rapidity gap between jets

• large invariant mass of di-jet system

• n charged leptons that lie between the tagging jets (1,2)
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• two highly energetic jets (called tagging jets) (3,4)

• large pseudo rapidity gap between jets

• large invariant mass of di-jet system

• n charged leptons that lie between the tagging jets (1,2)
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• Previous analysis did cut&count measurement only using pT and invariant mass 
of tagging jets. Result: 

• Rejected background only hypothesis with > 1.8 σ


• We are aiming for first evidence of this process in 2015+16 datasets employing 
more advanced techniques:


• Train BDT in signal region to distinguish between WZjj-EW and 
backgrounds 
⇒ uses more of the characteristic signature for each event


• Perform simultaneous template fit of BDT score in signal region and other 
observables in different control regions 
⇒ uses information of more events

5

Analysis Strategy
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Outline Event Selection
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• BDT is trained to distinguish between WZjj-EW and backgrounds using 16 
observables:

11

Boosted Decision Tree
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Variable Importance [%]

1 �y(`W , Z) 38.0
2 ⇣ 19.1
3 Njets 11.6
4 Rphard

T
8.5

5 �R(j1, Z) 4.3
6 ⌘W 3.5
7 ⌘j1 2.8
8 pj2T 2.4
9 pj1T 2.2
10 pWT 1.9
11 ��(j1, j2) 1.4
12 mjj 1.2
13 pZT 1.1
14 �⌘(j1, j2) 0.8
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• Each input variable is highly 
dependent on BDT score


• Helps to understand which 
shapes of input variables 
are more signal-like

12

BDT Dependency for ∆y (ũW, Z)
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• Normalization of WZjj-QCD, ttV, ZZ only constrained directly from data

• Initial normalizations fitted using bkg-only fit in control regions before actual fit
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Template fit with input from all 4 regions


Systematics:

• all objects systematics considered

• theory uncertainties on 

shape+normalization 
for WZjj QCD and WZjj EW


• conservative normalization 
uncertainties 
for all backgrounds


Expected signal strength:
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Result
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• 2015 and 2016 dataset provides helpful information to investigate existence of 
WZjj EW process


• Still limited by statistical uncertainty


• Aiming for first evidence for WZjj EW using simultaneous template fit of BDT 
output score in signal region and distributions in three different control regions


• New methodology yields significantly better results than cut and count analysis 
performed in Run 1
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Summary
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Thank you for your attention!


