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The Phenomenology of Heavy Electroweak Particles

⇒ W±, Z , Higgs, top

I Collider (LEP, LHC) pheno:
appear as short-lived resonances, decay: jets + leptons + neutrinos

I Model (SM):
appear as fundamental degrees of freedom, electroweak symmetry and
electroweak symmetry breaking

I Production so far predominantly near threshold
I Low resolution, low multiplicity, large impact of QCD
I Calculation needs: NLO-QCD off-shell events, QCD matching and

shower, threshold enhancement, higher-order corrections

I Detailed studies (self interactions, SM dynamics) require future
colliders with higher effective luminosity and energy
I Calculation needs: NLO-SM off-shell, high multiplicity, EW matching

and shower
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Projects Overview

Working group: Siegen (Kilian) with DESY (Reuter) and Würzburg (Ohl)

1. Physics Studies and Calculations
I Vector-boson scattering
I tt̄ threshold off-shell
I Multi-boson production at lepton colliders
I Muon collider (EW symmetry restoration)
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2. Software Framework and Calculational Tool: Whizard
I Automatic LO cross cross sections and off-shell events for colliders
I NLO-QCD and NLO-SM via ME providers (OpenLoops, Recola,

GoSAM) with FKS subtraction, PowHEG matching + Pythia
I Specific modules for e+e− colliders (beam structure, polarization)

⇒ e+e− studies since 2000 based on Whizard event samples
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NLO calculation + simulation within the SM (2HDM)

(Slides: J. Reuter for the Whizard Team, ACAT 2025, Hamburg)
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NLO Calculation Beyond the SM (2HDM)
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SM at High Energy: Electroweak PDFs
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WIP: Heavy Particles Near Threshold (LHC)

Validation: tt̄ NLO off-shell with matching (Pia Bredt)
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Perspective: tt̄X (X = Z ,H, . . . ), threshold enhancement

Further: VBS and VVV production, H + X , spin correlations
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WIP: Efficiency of (NLO) Calculation: MPI
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WIP: Efficiency of (NLO) Calculation: GPU Offloading

W. Kilian (U Siegen) Whizard Oct 07, 2025 9 / 10



WIP: Efficiency of (NLO) Calculation: ML Framework
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Outlook

Looking forward to collaboration within CmF!

I LHC validation and future analyses with NLO/off-shell events

I Studies for future colliders

I Computational methods and algorithms

I . . .
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