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VBFNLO Overview
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• Monte Carlo integration 

• Partonic collisions 

• Next-to-leading order in 
QCD

• Stablished software 

• Fast 

• Phase-space optimization 

• Leptonic tensors



VBFNLO Overview
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[T. Figy, D. Zeppenfeld, C.Oleari]

• Implementation details 

• Helicity amplitudes


• Infrared divergence substraction


• Catani-Seymour

[K. Hagiwara, D.Zeppenfeld]

[S. Catani, MH. Seymour]

σ = σLO + σNLO = ∫m
dσB + ∫m+1

dσR + ∫m
dσV



VBFNLO Overview

6

• Implementation details 

• Virtual contributions 

• Passarino-Veltman up to boxes 

• Denner-Dittmaier for pentagons and 
hexagons

[F.Campanario]

[G. Passarino, M. Veltman] 

[A. Denner, S. Dittmaier]



VBFNLO Overview
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• Unstable points (due to small 
Gram or Cailey determinants) 

• Sets of Gauge invariant sub-
amplitudes 

• Ward-Takahashi identities


• Rescue system in quadruple 
precision [F.Campanario]

[F.Campanario]



VBFNLO Overview
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• Optimisations 

• Leptonic tensors


• Only computed once


• Dedicated phase-space for 
different topologies

[K. Hagiwara, D.Zeppenfeld]

[B. Jäger, C. Oleari, D. Zeppenfeld] • Tαβ
W+V



VBFNLO Overview
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• Processes: 

• Vector Boson Scattering 
( ) (VBS) 

• Higgs production via VBS 
(NLO QCD+EW) 

•  and 

Hjj, Vjj, VVjj

VV( j) VVV( j)

•  and  

• QCD-induced  

• Gluon fusion 

HW HWj

Vjj, VVjj

Hjj, Hjjj

• A complete list of processes can be found in the Manual



VBFNLO Overview
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• Effective Field Theory • Example of operators in VBFNLO
[Banglio et al]

• Unitarization 

• Form factors (all) 

• -matrix (VBS, 
) 

• -matrix (VBS, dim-8)

K
𝒪S,1, 𝒪S,0 ≡ 𝒪S,2

Tu

ℒEFT = ∑
i

c(6)
i

Λ2
𝒪(6)

i + ∑
i

c(8)
i

Λ4
𝒪(8)

i + ⋯

• A complete list of processes can be found 
in the Manual



VBFNLO Overview
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• Higgs boson production via VBF 
in the MSSM (NLO QCD + EW) 

• Two Higgsless extra dimension 
models 

• Warped Higgsless scenario 

• Three-Site Higgsless model

•  via VBF 

• Spin-2 model 

• two-Higgs doublet model 

• CP-even and CP-odd Higgs in 
gluon fusion up to  in gluon 
fusion

VVjj

3j



Availability

• New wepage 

• https://ific.uv.es/vbfnlo/ 

• Repository 

• https://igit.ific.uv.es/vbfnlo/vbfnlo 

• https://github.com/vbfnlo/vbfnlo
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• Contact 

• vbfnlo@ific.uv.es 

• ivan.rosario@ific.uv.es

https://ific.uv.es/vbfnlo/
https://igit.ific.uv.es/vbfnlo/vbfnlo
mailto:vbfnlo@ific.uv.es
mailto:ivan.rosario@ific.uv.es


Availability
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https://ific.uv.es/vbfnlo/

https://ific.uv.es/vbfnlo/


Availability
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https://ific.uv.es/vbfnlo/

https://ific.uv.es/vbfnlo/


VBFNLO 3.0 updates
• LHAPDF v6 

• Other minor updates and 
enhancements
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• New processes 

• OpenMPI 

• -matrix unitarization 

• BLHA Interface: 

• All VBF 

•  and  with fully 
leptonic decays

Tu

VV VVV



New processes
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• QCD and VBS 

• QCD-induced: , , 
 

• VBS: ,  

•  

•  

•

ZZjj Zγjj
γγjj

Zγjj γγjj

VVj

W+W−j

ZZj

• Gluon fusion at LO 

•  

•  

•  

• Decays for HHjj in VBS 

•  

•

WWj

ZZj

Φjjj

bb̄γγ

bb̄τ+τ−



Code Parallelization
• Code parallelization using OpenMPI 

• Widely used in HPC 

• Grid integration 

• Histogram generation 

• Easy to use: 

• Configure with:   

• —enable-MPI 

• FC=mpifort 

• mpirun -np 16 ./vbfnlo
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VBS cuts |   (VBS)pp → HHjj

This example is only for demonstration purposes.
AMD Ryzen Threadripper 1950X 16-Core Processor
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[G. Perez, M. Sekulla, D. Zeppenfeld]

 unitarizationTu

• Large discrepancy between ATLAS and CMS

• Motivation for unitarization
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𝒮1 =
fS1

Λ4 [(Dμϕ)†Dμϕ] [(Dνϕ)†Dνϕ]
[G. Perez, M. Sekulla, D. Zeppenfeld]

[G. Perez, M. Sekulla, D. Zeppenfeld]

 unitarizationTu
• The   

amplitude grows with 
energy 

• SM Higgs unitarizes it 

• EFTs spoil it

VLVL → VLVL
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[G. Perez, M. Sekulla, D. Zeppenfeld]

 unitarizationTu
• VBS 


• Rest of VBS 

WWjj
[G. Perez, M. Sekulla, D. Zeppenfeld]

[H. Schäfer-Siebert, M. Sekulla, D. Zeppenfeld]



BLHA interface
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What is BLHA 

Motivation 

Validation 

Examples



BLHA interface
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• Stands for Binoth Les 
Houches Accord (BLHA) 

• Convention: 

• How HEP software must 
communicate



BLHA interface
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• Protons (PDFs) 

• Hard collision (Perturbatively) 

• Parton Shower 

• Hadronization
Event generators

One-loop providers

[sherpa-team.gitlab.io]



BLHA interface
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• Protons (PDFs) 

• Hard collision 
(Perturbatively) 

• Parton Shower 

• Hadronization
Event generators

One-loop providers

LO/RE

Virtual

Poles

Event Generator

OLP



• Implementation process 
specific 

• Processes 

• VBS 

•  and  with fully 
leptonic decays 

• Semi-leptonic decays and 
other processes in the future

VV VVV
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BLHA interface
• Extended interface 

• VBFNLO phasespace 

• Custom BLHA for Herwig 

• Multiple OLPs in the same 
run

[M. Rauch, S. Plätzer]
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BLHA interface
[M. Rauch]
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BLHA interface
• Diboson

• Triboson



BLHA interface
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• Matching with Herwig 
Matchbox module 

• MC@NLO 

• POWHEG 

• (N)LO multi-jet merging

[S. Frixione, B. R. Webber]

[S. Frixione, P. Nason, C. Oleari]

• Showers in Herwig 

• Angular ordered shower 

• Dipole shower



BLHA interface
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• Applications: 

• Study of Parton Shower uncertainties in VBS 

• Anomalous Higgs boson couplings in VBS 

• NLO multijet merging for Higgs production 

• Soft QCD effects in VBS/VBF topologies 

• Study of Parton Shower uncertainties in tri-boson

[M. Rauch, S.Plätzer]

[T. Chen Ph.D. thesis]

[T. Chen, T.M. Figy, S. Plätzer]

[C. Bittrich, P. Kirchgaeßer, A. Papaefstathiou, S. Plätzer, S. Todt]

To be published: [I. Rosario, F. Campanario, S. Plätzer]



BLHA interface

30

• Results using the BLHA interface:



Summary and Outlook
• VBFNLO 3.0 is out with some interesting 

enhancements 

• New processes 

• Parallelization through OpenMPI 

•  unitarization 

• BLHA interface 

• New website: ific.uv.es/vbfnlo 

• Public repository: https://github.com/
vbfnlo/vbfnlo

Tu
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• Bugs, suggestions or comments: 

• Email: vbfnlo@ific.uv.es 

• Issues or pull requests on GitHub

Thank you very much!

mailto:vbfnlo@ific.uv.es

