
KIT – Die Forschungsuniversität in der Helmholtz-Gemeinschaft

KIT Center Elementary Particle and Astroparticle Physics - KCETA

www.kit.edu

EFT in VBFNLO

Dieter Zeppenfeld

Area 2 meeting: predictions and tools



Dieter Zeppenfeld2 A2 EFT, 12/14/2020

3.1 VBF Higgs boson production in association with 2 jets          

3.2 VBF Higgs boson production in association with 3jets            

3.3 VBF Higgs boson production with a photon and two jets

3.4 VBF production of a single vector boson and two jets 

3.5 VBF production of a spin-2 particle

3.6 VBF production of two vector bosons and two jets 

3.7 VBF production of two Higgs bosons and two jets 

3.8 W production with up to one jet

3.9 Double vector boson production

3.10 Triple vector boson production

3.11 Double vector boson production in association with a hadronic jet

3.12 Triple vector boson production in association with a hadronic jet

3.13 Higgs production in association with a W

3.14 Higgs production in association with a W and a hadronic jet 

3.15 QCD-induced production of a vector boson in association with two jets 

3.16 QCD-induced diboson production in association with two jets

3.17 Higgs boson production in gluon fusion with two jets

3.18 Gluon-induced diboson production

3.19 Gluon-induced diboson production in association with a hadronic jet

VBFNLO is a collection of many mixed QCD/EW 

processes with NLO QCD corrections

VBF Higgs

VBF Z,W,photon

VBS

V, VV, VVV

V, VV, VVV +1 jet

V, VV + 2 jets

Gluon fusion at LO
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BSM effects included in many processes

Anomalous couplings

included in various forms:

• General form factors

• Dimension 6 EFT 

• ….
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…. and dimension-8 EFT operators for VBS
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Example: tensor structure of HVV coupling
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Connection to EFT description
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VBFNLO provides only for a restricted set of dimension 6 operators

Parameters are set in anom_HVV.dat and anomV.dat which also 

provides switch to lambda, kappa, g_1 notation

See manual for details: https://www.itp.kit.edu/vbfnlo/wiki/doku.php

EFT operators for HVV and VVV couplings

with
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Distinguish by dominant set of vector boson helicities

Longitudinal operators: derivatives of Higgs doublet field

For aQGC: full set of dimension 8 operators (Eboli et al.)

Wilson coefficients for these operators and analogous transverse

dimension-8 operators can be set in anomV.dat
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Field strength  transverse polarizations

Transverse operators Mixed: transverse-longitudinal

To be added in VBFNLO 3.0 release
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K-matrix (also called T-matrix) procedure for on-shell hermitian T0

General virtualities T0 not normal for off-shell VVVV 

Must distinguish

Use

Alignment problems avoided by using largest eigenvalue of denominator

Unitarization of tree level amplitude: T0  Tu

Defines Tu model
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Tu model unitarization now implemented for all VBS 

processes in VBFNLO

Will be made available in new release 3.0 of VBFNLO in 2021



Dieter Zeppenfeld15 A2 EFT, 12/14/2020

NLO corrections and their implementation in VBFNLO have

been a collaborative effort! Thanks to my colleagues

V. Hankele, B. Jäger, M. Worek, J. Frank, S. Palmer,  

G. Perez, H. Rzehak, F. Schissler, F. Campanario, M. Rauch, 

C. Oleari, K. Arnold, J. Baglio, J. Bellm, G. Bozzi, 

A. Engemann, C. Englert, B. Feigl, T. Figy, A. Jesser,          

M. Kerner, G.Klämke, M. Kubocz, M. Löschner, S. Plätzer, 

S. Prestel, M. Sekulla, M. Spannowsky, Ninh Duc Le, 

R. Roth, N. Kaiser, H. Schäfer-Siebert, O. Schlimpert

…who are working hard to finalize release of VBFNLO 3.0

THANKS!


