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Introduction
This note aims to provide a guide to obtain SMEFT predictions, highlighting best 

practices and documenting common pitfalls. 

Alberto Belvedere

Main topic 

Identify the subtleties and provide solution to common problems of the available simulation methods:


Not covered in the note: 
• Model comparison, truncation uncertainty, choice of observables.

Direct simulation 
Simulation of a desired 

configuration of the Wilson 
coefficients.


•CPU demanding to get high 
statistical precision.


•Conceptually clean.

Separate simulation 
Different samples for SM, linear 
and quadratic EFT predictions.


•CPU demanding to get high 
statistical precision.


•Independent from any reference 
point.

Reweighted simulation 
Single sample with a per-event 
weight to get different values of 

Wilson coefficients.


• Least demanding in CPU.

• Predictions far from reference 

point can lead to large weights.
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Introduction

Alberto Belvedere

Different physics processes that cover most of the LHC physics program have been 
chosen as benchmark for the main EFT prediction generation methods.
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Reweighting in WZ

Alberto Belvedere

S. Banerjee, A. Calandri, S. Chatterjee, F. 
Glessgen, N. Smith, V. Perovic 

SM reference point  and  ref. pointcW = 0.5 cW̃ = 0.5

• Process: WZ


• Model: SMEFTsim

• Operator:       ,

• Final state: summed on all 

helicity configurations.

Helicity ignorant reweighting works better when summing on all the helicity configurations.
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Reweighting in WZ

Alberto Belvedere

S. Banerjee, A. Calandri, S. Chatterjee, F. 
Glessgen, N. Smith, V. Perovic 

SM reference point  and  ref. pointcW = 0.5 cW̃ = 0.5

• Process: WZ


• Model: SMEFTsim

• Operator:       ,

• Final state: same-sign 

transverse polarization

Only helicity aware reweighting works when considering a specific helicity configuration.
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Reweighting in ZH

Alberto Belvedere

S. Banerjee, A. Calandri, S. Chatterjee, F. 
Glessgen, N. Smith, V. Perovic 

• Process: ZH


• Model: SMEFTsim

• Operator:          ,

 Both helicity aware and ignorant 
reweighting are in good agreement 

with the generated distribution.
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Reweighting for tt̄

Alberto Belvedere

R. Goldouzian 

• Process:  

• Model: SMEFT@NLO

• Operators:

tt̄

Simulation of the 4-fermion EFT operators for the  process with SMEFT@NLO using the reweighting. tt̄

SMEFT@NLO documentationLO simulation

At LO good agreement between the cross-sections obtained trough reweighting and the expected ones.

https://arxiv.org/pdf/2008.11743.pdf
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Reweighting for tt̄

Alberto Belvedere

R. Goldouzian 

• Process:  

• Model: SMEFT@NLO

• Operators:

tt̄

SMEFT@NLO documentationNLO simulation

Disagreement reported to MadGraph authors. Bug in the reweighting in MGv3.x, 
it should have been solved in MGv3.5.1.

Simulation of the 4-fermion EFT operators for the  process with SMEFT@NLO using the reweighting. tt̄

https://arxiv.org/pdf/2008.11743.pdf
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Reweighting for tt̄Z

Alberto Belvedere

A. Belvedere
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Good agreement among the 
different distributions. 


Slightly larger EFT effect for LO+1jet.

• Process: 


• Model: SMEFT@NLO & SMEFTsim

• Operator:

tt̄Z

LO+1jet NLO
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A. Belvedere
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LO+1jet NLO

Reweighting seems to work better in 
the NLO simulation. 


Slightly larger EFT effect for LO+1jet.

• Process: 


• Model: SMEFT@NLO & SMEFTsim

• Operator:

tt̄Z

Reweighting for tt̄Z
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Helicity reweighting in tt̄Z

Alberto Belvedere

S. S. Cruz
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• Process: 

• Model: Dim6top

• Operator:

tt̄Z Helicity-aware reweighting: 


Helicity-ignorant reweighting:
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Helicity reweighting in tt̄Z

Alberto Belvedere

S. S. Cruz
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Decay w. madspin Decay w.o. madspin

• MadSpin computes the matrix 
element at the reference point.


• It can’t infer spin correlation of the 
decay products at another point.

Good agreement when 
reweighting is performed after 

top and Z decay.



• Process: VBF Higgs production


• Model: SMEFTsim using NPall

• Operators:        ,        ,         ,

13

Reweighting in VBF Higgs production

Alberto Belvedere

Good agreement among direct, separate and reweighted distributions.

S. Chatterjee & J.Dickinson 



• Process: VBF Higgs production


• Model: SMEFTsim using NPall

• Operators:        ,        ,         ,
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Reweighting in VBF Higgs production

Alberto Belvedere

S. Chatterjee & J.Dickinson 

Good agreement among direct, separate and reweighted distributions.



15

Triboson processes

Alberto Belvedere

S. Bhattacharya & Triboson team 

• Process: triboson production


• Model: SMEFTsim

• Operator:

A careful choice of the scale is 
needed to correctly simulate the 

EFT contribution separately.

Dynamical scale = - 1

Transverse mass of 2→2 system from kT clustering 

Dynamical scale = 1

Total transverse energy

 [GeV]MWWW  [GeV]MWWW
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Post-mortem reweighting

Alberto Belvedere

L. Jeppe & A. Grohsjean

• Inputs: momenta and spin of 
initial and final state particles.


• Restrictions: 

- Baseline and EFT sample 

must have same initial and 
final state.


- Phase space well covered 
by the SM sample.


• Implemented in MG5 at LO.


• Tested on  process and 
operator using dim6top.

tt̄

Possibility to reuse existing simulated SM samples with large statistics for EFT 
analyses calculating event weights for specific EFT points.
 w =

|MEFT(pi, si) |2

|MSM(pi, si) |2
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Summary

Alberto Belvedere

An overview of the LHC EFT prediction note content has been presented.
What did we learn? 

• Helicity-ignorant reweighting does a great job in sampling the (B)SM phase space 
but it’s not able to reproduce specific helicity configurations.


•MadSpin computes the matrix element at the reference point but can’t infer spin 
correlation of the decay products at another point. 


•The choice of the scale is crucial when producing separate simulations predictions.

•It is possible to add EFT effects to simulated samples at LO.


Residual discrepancies that need further investigations: 

• Discrepancy at high energy in the  distribution.

• Significant fluctuations in the tail of few reweighting distributions.

MWWW
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Conclusions

Alberto Belvedere

The most important aspects of EFT prediction simulation are covered in the note.
Helicity ignorant and aware reweighting, NLO reweighting, separated sample method, 

scale choice and post-mortem reweighting.

The selected benchmark processes cover most of the LHC physics program.
Top physics, Higgs physics, vector boson fusion and multi boson processes.

A big thanks to all 

the contributors.

Next steps:

1) Authors + editors meeting to finalize draft text.

2) Invite theory colleagues for contributions & scrutiny of the draft.
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Backup

Alberto Belvedere
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Reweighting in ZH

Alberto Belvedere

S. Banerjee, A. Calandri, S. Chatterjee, F. 
Glessgen, N. Smith, V. Perovic 

• Process: ZH


• Model: SMEFTsim

• Operator:          ,

 Both helicity aware and ignorant 
reweighting are in good agreement 

with the generated distribution.
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Reweighting in ZH

Alberto Belvedere

S. Banerjee, A. Calandri, S. Chatterjee, F. 
Glessgen, N. Smith, V. Perovic 

• Process: ZH


• Model: SMEFTsim

• Operator:          ,

 Both helicity aware and ignorant 
reweighting are in good agreement 

with the generated distribution.



• Process: VBF Higgs production


• Model: SMEFTsim using NPall

• Operators:        ,        ,         ,
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Reweighting in VBF Higgs production

Alberto Belvedere

Good agreement among direct, separate and reweighted distributions.

S. Chatterjee & J.Dickinson 



• Process: VBF Higgs production


• Model: SMEFTsim using NPall

• Operators:        ,        ,         ,
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Reweighting in VBF Higgs production

Alberto Belvedere

S. Chatterjee & J.Dickinson 

Good agreement among direct, separate and reweighted distributions.


