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Motivation

 WZjj VBS process is a rare 

process

 Vector Boson Scattering 

(VBS) provides a unique 

way to examine the 

mechanism of 

electroweak symmetry 

breaking (EWSB)

 VBS provides information 

for the vector boson self-

couplings.

 Study new physics 

through deviations from 

SM
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Vector Boson Scattering(VBS) (1)

 Standard Model predicts self-interactions between the electroweak gauge bosons.

 These self-couplings can involve either three or four gauge bosons at a single vertex, 

known as triple and quartic gauge couplings, respectively.

 VBS is initiated by quarks q from the colliding protons; both quarks radiate vector 

bosons (V=W, Z) which then interact. We study the WZ fully leptonic VBS process.

QCD production

(Background)

EWK production

(Signal)
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Vector Boson Scattering (2)
 VBS is characterized by the presence of two forward jets  in addition to the outgoing 

gauge bosons and little hadronic activity because of the absence of any color 

exchange between the two jets. 

 The tagging jets exhibit a large spatial separation in rapidity and a high invariant 

mass of the dijet system. 

 Gauge bosons decay into two same flavour but opposite charged leptons for Z, 

while W decays into a lepton and a neutrino. Leptons can be electrons or muons and 

the four flavor channels are: e e e, μ e e, e μ μ and μ μ μ. 
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Effective Field Theory (1)

 There are two methods to look for physics beyond the Standard Model 

(BSM). 

 Look for new particles (model-dependent)

 Look for new interactions of SM particles (model-independent)

 We use the second method and we try to notice deviations in tails of the 

distributions of same kinematic variables.
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Effective Field Theory (2)
 The Effective Field Theory (EFT) is the natural way to expand the SM such that 

the gauge symmetries are respected.

 The EFT provides a guidance as to the most likely place to see the effects of 
BSM.

 Construction of an EFT of the SM:

 SM: general theory of quark and lepton fields and the Higgs field

 Extend the theory: Add operators of higher dimension.

 The Lagrangian of the EFT of the SM is

Where: Λ is the scale of new physics

are the dimension-6 and dimension-8 operators

are the dimensionless coefficients of the dimension-6 and 8 effective 
operators 
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Effective Field Theory (3)
 The VBS process is interesting as it probes:

 We use the dimension-8 operators because they are dominant in anomalous QGC 

couplings.

 There are 18 dimension-8 operators so as to describe the pure anomalous QGC 

effects and they are divided into three categories: Longitudinal (FS), transverse(FT) 

and mixed (FM) operators.

FS FM

FT
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Effective Field Theory and Positivity Bounds

 There are constraints on the 18 dimension-8 coefficients which are derived by  

requiring that the EFT has a UV completion.(https://arxiv.org/pdf/1808.00010.pdf)

 These positivity constraints reduce the QGC parameter space by about 98%.

 Some existing limits that are symmetric can be presented as one-sided limits,

while some other coefficients don’t have a clear physical limit.

 We use the positivity constraints because they modify the prior probability 

densities of the QGC coefficients by excluding unphysical values and as a 
consequence they affect the resulting limits.
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EFT Decomposition
 We use the Madgraph5 generator and the Eboli-Gonzales models for the generation of 

EWK EFT WZjj fully leptonic MC samples. 
(https://feynrules.irmp.ucl.ac.be/wiki/AnomalousGaugeCoupling#no1)

 The process we used is p p > W- Z j j > e- e+ μ- vμ~ j j

 The EFT cross section can be split in four terms (decomposition):

 Profit from this decomposition: Scaling each term to a new parameter value we obtain 
results equivalent to a sample generated at this parameter value. See also previous 
presentation by Despoina Sampsonidou on dimension-6.

 Taking into account the positivity constraints and changing one EFT operator at a time 
we try the existing limit values for each operator.

SM term Interference term 
between SM-EFT

(Linear term)

Pure EFT 
contribution
(Quadratic 

term)

Interference 
term between 
EFT operators
(Cross term)
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Results for FS operators

 The quadratic term is the dominant one 
and affects the tails.

 The Mjj seems not to have a significant 
effect to the shape, so we are able to 
say that this is not a sensitive variable

 Interference has a very small effect.

 The decomposition seems to work well. 

Work in progress

Work in progress

Work in progress
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Results for FM operators

 The quadratic term is the dominant one and affects the tails.

 Interference has a negative effect at the first plot.

 The decomposition seems to work well. 

Work in progress
Work in progress
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Results for FT operators

 The quadratic term is the dominant one and affects the tails.

 Interference is very low in the first plot.

 The decomposition seems to work well. 

Work in progress
Work in progress
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Proof of the decomposition method for the 

different operators

In the table we can see the comparison of the cross section for a given coefficient

value (total) to the sum of the three individual terms (SM, Interference, Quadratic).

Last column is the % deviation of the sum from the total. 

We can conclude that the decomposition method works well.

Operator Value Total (fb) SM(fb) Interf(fb) Quad(fb) Sum diff(%)

FS0 -26,5 1,075 1,049 0,001681 0,02421 1,074891 0,01

FS1 -41,2 1,081 1,049 0,001366 0,03005 1,080416 0,05

FM3 -43 1,16 1,049 -0,001403 0,123 1,170597 0,90

FM7 -13 1,061 1,049 -0,000405 0,01541 1,064005 0,30

FT2 -1,2 1,07 1,049 0,004765 0,01095 1,064715 0,50

FT6 3 1,111 1,049 0,004287 0,06548 1,118767 0,70
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Example of the quadratic dependence of the cross section on 

the parameter value

 Symmetric increase to the cross section versus the value of the coefficients FS0 
and FS1.

 This dependence exploits the reweighting technique of Madgraph. This technique 
does not work as well as the decomposition shown previously. (deviations up to 
15%)    

Work in progress Work in progress
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Results of simultaneous change of two or more operators  

Simultaneous 

change of FS0 

and FS1 

operators at the 

limit values.

We compute the 

cross term.

 First attempt to "emulate" a simultaneous 

change to several dimension-8 operators.

 Sum of the Quadratic and the interference 

terms of FS0, FS1, FM3, FM7, FT2 and FT6 at 

limit values, compared to SM expectations.

 Effect of quadratic terms becomes important 

above 1 TeV.

Work in progress Work in progress

Work in progress

M3l (GeV)
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Conclusion
 A complete study of the dimension-8 relevant EFT operators for the WZjj fully 

leptonic channel is performed based on the Eboli-Gonzales models.

 The example of M3l, a variable sensitive to QGCs is shown. More variables 

will be examined.

 The decomposition procedure seems to work well and is planned to be 

adopted for limit extraction as it performs better than the MG reweighting 

technique.
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