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Introduction

Off-shell

w/ dest. 
int.

We describe the methods for the signal simulation used in past analyses:
● Off-shell analyses need to deal with various interference effects, so simulation needs to 

be done consistently and at the same perturbative order for all components.
● The analyses benefit from categorization of events for the dominant Higgs production 

modes, gluon fusion and EW (mostly VBF in the SM), so they also rely on the information 
from the two associated jets leading in pT .
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Gluon fusion process
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Gluon fusion: Higgs amplitude
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Gluon fusion: Continuum amplitude

  

Full cross section calculation is available at different orders for the different components:
gg → ZZ continuum (and interference): Full calculation and simulation with loop effects are 
only available at LO in QCD
●  Approximate NLO calculations from arXiv:1605.04610 show

      K-factors for  gg → ZZ continuum, gg → H → ZZ, and their interference within ~10%
●  Current procedure is to use K-factors for gg → H → ZZ on all components, and

      unc. 𝞳
ggzz

 = 1 ± 0.1 on continuum with related scale √(𝞳
ggzz

) on interference.

https://arxiv.org/abs/1605.04610


For the Higgs amplitude contribution, continuum ZZ, or interference, MC event generation can be 
done in two ways:

• Use JHUGen/MCFM to produce events at LO in QCD, apply NNLO K-factors and N3LO flat 
normalization
❖ Relies on Pythia for jet multiplicity and kinematics

• Use POWHEG to produce gg→H, JHUGen for , H→ZZ and the MELA matrix elements from 
JHUGen/MCFM (instead of event generation) to obtain continuum ZZ and interference.
❖ POWHEG cannot produce off-shell line shape. Instead, produce samples for Higgs 

samples at mH=125, 160 ... 200 ... 3000 GeV, which have increasingly larger widths.
❖ hfact = mH / 10+37.5 GeV to match pT

H to NNLO+NNLL HRES predictions.
❖ For the gg→H(125)→ZZ amplitude, the only differences in these samples are the 

propagator and the correction of the mZZ line shape for the evolution of BR(H→ZZ). 
The former is just reweighting the propagator to a BW(mH=125 GeV, ΓH=4.1 MeV), so it 
is basically part of the MELA reweighting (arXiv:2002.09888) procedure, and the latter 
is added as a modification of event weights when running the JHUGen decay step.

❖ The samples are glued together in the end to produce the full spectrum.
❖ We observe this approach produces stable results in jet multiplicity and other 

kinematics after Pythia.
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Gluon fusion: Event generation

https://arxiv.org/abs/2002.09888
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Gluon fusion: Distributions

 

Legend is the same in other 
plots, so I won’t repeat it on 
the next slides.
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Gluon fusion: Jet-exclusive

 

When events are split by jet multiplicity (jets are clustered by anti-kT  
algorithm within the radius ΔR = 0.4, with pT > 30 GeV,
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VBF-like VH-like
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EW (VBF+VH/VBS+VZZ) process
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EW process: Available methods

Both matrix element (MELA) and event simulation (MCFM/JHUGen) are available at LO in 
QCD, for SM or BSM Higgs hypotheses, and continuum background.
● We can improve the event simulation technique for jet kinematics in the off-shell 

region by starting with POWHEG+JHUGen samples for VBF NLO in QCD, and ZH and WH 
~NNLO in QCD (NLO + MiNLO HVJ) as before, and then, apply MELA ME reweighting.

●  One has to account for the extra gluons from POWHEG before passing event 
kinematics to the LO ME calculation.
     - We demonstrate in the next few slides that merging gluons to the closest quark in 
four-momentum dot-product reproduces the LO topology passed to the ME calculation 
(i.e., gluons from NLO QCD on top of these EW processes are predominantly 
soft/collinear).

Example 
VBF

Example 
VBS
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EW process: LO topology kinematics

VH 
production 
kinematic 
observables

VBF 
production 
kinematic 
observables
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EW process: VBF LO topology (on-shell)
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EW process: VBF LO topology (off-shell)
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EW process: WH LO topology (on-shell)

🡪 Color legend is again the 
same in all other plots, so will 
not repeat it.
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EW process: WH LO topology (off-shell)

🡪 In both on-shell and 
off-shell regions, we also see 
adequate match in WH.

🡪 Rest of the plots are in 
backup.
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EW process: Distributions after Pythia
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EW process: Jet-exclusive distributions
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VBF-like VH-like
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best predictions

https://arxiv.org/abs/1803.07943
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Summary
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Backup
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EW processes: Merging algorithm


