
1/5

Evidence for off-shell Higgs boson production and
the measurement of its width

Mostafa Mahdavikhorrami1,2 on behalf of the CMS collaboration
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H → ZZ → 2`2ν analysis (HIG-21-013)
In this analysis (Analysis PAS: HIG-21-013) we study the off-shell Higgs production in
H→ ZZ→ 2`2ν signal channel (ggH and VBF) where ` = e, µ. The analysis is based on Data
collected by CMS experiment during LHC run 2 (2016-2018) at

√
s = 13 TeV and with integrated

luminosity of ∼ 138fb−1.

Goals:
- Measuring of signal strength parameters (µoff-shell, µoff-shell

F , µoff-shell
V ) ⇒ off-shell 2`2ν

results are combined with 4` off-shell analysis [1]
- Measuring ΓH and constraining anomalous couplings strengths (fai) ⇒ off-shell 2`2ν results

are combined with 4` on-shell analyses [2,3].

Signal and interfering backgrounds (mela reweighting)
qq → ZZ(WZ) backgrounds (simulation + 3` WZ CR)
Instrumental pmiss

T from DY (data-driven + γ CR)
Nonresonant backgrounds (data-driven + eµ CR)
Other minor backgrounds (simulation)

*** MELA = Matrix Element Likelihood Analysis, CR = Control Region, DY = Drell-Yan ***
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Refs. [4,5]

https://arxiv.org/abs/1901.00174
https://arxiv.org/abs/1707.00541
https://arxiv.org/abs/2104.12152
https://doi.org/10.1007/jhep08(2012)116
https://arxiv.org/abs/1305.2092
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Likelihood scans of signal strengths and ΓH
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Summary of results
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Results interpretations on BSM HVV couplings

Figure 6: Shows the likelihood scans of fa2 (left), fa3 (middle), and fΛ1 (right) are shown with the

constraint ΓH = Γsm
H (blue), ΓH unconstrained (violet), or based on on-shell 4` only (green). Observed

(expected) scans are shown with solid (dashed) curves. The horizontal lines indicate the 68% and 95% CL

regions.
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Backup
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Event yields
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Sensitivity of off-shell 2`2ν channel, CMS
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Sensitivity of off-shell 4` channel, CMS

arXiv:1901.00174
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ATLAS latest results

arXiv:1808.01191v2
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Systematic uncertainties

Most of the systematics affect both the shape and normalization
Theoretical uncertainties:
− Renormalization scale and Factorization scale (up to 30%)
− αS(mZ) and PDF variations (up to 20%)
− Simulation of the second jet in gg samples (up to 20%)
− Scale and tune variations of PYTHIA
− NLO EW correction (qq̄ → ZZ,WZ)
− Uncorrelated uncertainties on Nj = 0 (2.7%), Nj = 1 (6.0%) and Nj ≥ 2 (7.6%)

in qq̄ → ZZ,WZ derived from the 3` CR

Instrumental uncertainties on the simulations:
− Luminosity (between 1.2% and 2.5%, depending on the data taking period)
− L1 prefiring scale
− Pile-up, JES, JER and pmiss

T resolution correction
− Uncertainties in lepton, trigger, pile-up jet identification, and b-tagging

efficiencies (typically 1% per lepton)

Statistical uncertainties on simulations are also taken into account.
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