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Motivation
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• gg→ZZ is loop-induced and receives sizable NLO QCD corrections for signal, continuum background, and 
interference.

• Previous NLO calculations (JHEP07(2016)087) showed that S/B/I should be treated separately, with K!"# ≈
sqrt(K$%& K'(&).

• Our Run 2 fixed-PDF validation, reported at the HZZ meeting, validated the MATRIX S/B/I setup against 
existing reference calculations.

• For Run 3, the goal is to provide k-factors applicable to the current CMS gg→ZZ samples.

• A key question is whether a single common gg→ZZ k-factor is sufficient, or whether signal, background, 
and interference need separate corrections.

• We use a mixed-PDF convention: K)*+,- =
.!"#(012 345)
."#(12 345)

to match the current LO MCFM sample 

normalization in the denominator.
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https://link.springer.com/article/10.1007/JHEP07(2016)087
https://indico.cern.ch/event/1681517/


Run3 Onshell validation

2026/7/2 3

• Core matched setup
• process: gg→H→ZZ→e- mu- e+ mu+ signal
• sqrt(s) = 13.6 TeV
• region: 120 < m4l < 130 GeV
• Z-pair window: 12 < mll < 120 GeV
• scale: muR = muF = mH/2=62.5 GeV
• mixed PDF

• NLO PDF: NNPDF31_nnlo_hessian_pdfas (current POWHEG configuration)
• LO PDF: NNPDF30_lo_as_0130 (current LO MCFM configuration)

• Tools used
• MATRIX: LO XS / NLO XS / K-factor
• HNNLO: on-shell signal cross-check
• MCFM: LO cross section  cross-check

• Known differences
• HNNLO: zero-width benchmark
• MCFM: LO only
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Run3 Onshell XS
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Tool PDF convention LO XS [fb] LO scale unc NLO XS [fb] NLO scale unc K = NLO / LO

MCFM LO PDF 1.208 ± 0.0003 —

MATRIX
LO PDF for LO
NLO PDF for NLO

1.213 ± 0.002 +28.2% / -19.8% 2.066 ± 0.002 +22.7% / -16.9% 1.703

HNNLO
LO PDF for LO
NLO PDF for NLO

1.099 ± 0.001 — 1.964 ± 0.004 — 1.787

MATRIX Always NLO PDF 0.895 ± 0.001 +26.7% / -19.0% 2.066 ± 0.002 +22.7% / -16.9% 2.309

HNNLO Always NLO PDF 0.811 ± 0.0004 — 1.964 ± 0.004 — 2.422
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• MATRIX and MCFM LO denominators agree within ~0.4%
• MATRIX and HNNLO mixed-PDF signal K-factors are compatible
• Using NLO PDF also in the LO denominator reduces LO XS by about 25%, explaining the 

larger fixed-PDF K-factor



Run3 Offshell setup
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• Core matched setup
• process: gg→H→ZZ→e- mu- e+ mu+ signal and gg→ZZ→e- mu- e+ mu+ bkg / interference
• sqrt(s) = 13.6 TeV
• region: 200 < m4l < 1000 GeV
• Z-pair window: 12 < mll < 120 GeV
• scale: muR = muF = m4l/2
• mixed PDF

• NLO PDF: NNPDF31_nnlo_hessian_pdfas (current POWHEG configuration)
• LO PDF: NNPDF30_lo_as_0130 (current LO MCFM configuration)

• Tool used
• MATRIX: nominal off-shell K-factor for sig / bkg / intf
• MCFM: cross check LO XS for signal
• HNNLO: not used for off-shell validation

• Known differences
• MCFM: LO only
• MCFM: no explicit MATRIX-like lepton pT/eta/DeltaR cuts
• HNNLO: not used because current benchmark setup is on-shell/zero-width

• Scale-variation treatment:
• For the K-factor band, K_i = NLO_i / LO_i is formed for each common 7-point scale choice s_i = (μR, μF), and the 

envelope of  these ratios is taken
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Run3 Offshell XS
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Tool Sample PDF mode LO XS [fb] LO scale unc NLO XS [fb] NLO scale unc K = NLO/LO

MCFM sig LO PDF 0.1425 ± 0.0001 —

MATRIX sig

LO PDF for LO NLO 
PDF for NLO

0.1435 ± 0.0003 +30.1% / -21.8% 0.2535 ± 0.0007 +18.3% / -15.0% 1.767

MATRIX bkg 2.955 ± 0.004 +27.2% / -20.3% 4.101 ± 0.023 +12.8% / -11.4% 1.388

MATRIX intf -0.2783 ± 0.0004 +21.3% / -29.1% -0.4647 ± 0.0065 +14.1% / -16.9% 1.670

MATRIX sig

always NLO PDF

0.1280 ± 0.0002 +27.2% / -20.2% 0.2535 ± 0.0007 +18.3% / -15.0% 1.980

MATRIX bkg 2.489 ± 0.003 +23.6% / -18.3% 4.101 ± 0.023 +12.8% / -11.4% 1.648

MATRIX intf -0.2442 ± 0.0001 +19.6% / -26.0% -0.4647 ± 0.0065 +14.1% / -16.9% 1.903
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• The off-shell K-factors are component dependent:
• K_sig = 1.767, K_bkg = 1.388, K_int = 1.670

• Therefore, a single common gg→ZZ K-factor is not adequate for S/B/I.



Signal (gg->H->ZZ->2e2mu)
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• Mixed PDF: LO PDF for LO, NLO PDF for NLO

• K-factor increases mildly with m!!

• No obvious dependence of  cos 𝜃∗ and	𝜙#

• K-factor band: envelope of  NLO_i/LO_i over correlated 7-point scale variations



Continuum bkg (gg->ZZ->2e2mu)
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• Mixed PDF: LO PDF for LO, NLO PDF for NLO

• The continuum-background K-factor is lower than the signal K-factor in normalization

• A mild mZZ dependence is observed, with larger fluctuations in the high-mZZ tail

• No strong angular dependence is observed within current precision
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Interference (gg->(H->)ZZ->2e2mu)
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• Mixed PDF: LO PDF for LO, NLO PDF for NLO

• High-mZZ tail fluctuations are not used for the nominal normalization recommendation because of  limited numerical 
precision



Summary
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• For Run 3 off-shell gg→ZZ, mixed-PDF K-factors are: K_sig = 1.767, K_bkg = 1.388, K_int = 1.670

• The S/B/I corrections are significantly different

• We recommend separate mixed-PDF K-factors for signal, background, and interference in the Run 3 gg→ZZ prescription
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Next steps
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• Increase statistics, especially for the high-mZZ tail and interference.

• Stabilize differential K-factors before any shape-level recommendation.

• Extend the off-shell mass range to 3 TeV.

• Finalize uncertainty treatment: scale, PDF/αs, and numerical-integration 
uncertainties.
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Back up
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Sig (gg->H->ZZ->2e2mu  fixed NLO PDF)
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bkg (gg->ZZ->2e2mu fixed NLO PDF)
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Interference (gg->ZZ->2e2mu fixed NLO PDF)
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Observables
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