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Abstract

The absolute normalization scale of Higgs couplings is difficult to determine in
hadron colliders. A experimentally and theoretically clean way to establish the
coupling scale is measure the ratio of resonant Vector Boson Fusion h — WW™
production to non-resonant qg — gqqW W, because both the theoretical and
detector response systematics all cancel to first order in the ratio. To set the scale
of the scale of the sensitivity, a simple selection and fit is presented with gives a
1.8% statistical uncertainty on the ratio.

1 Introduction

Hadron colliders can produce large sample of Higgs bosons, their precision is limited
by our knowledge of several factors: PDF and luminosity uncertainties, calculational
challenges of QCD, detector simulation, and background estimation. For example ref-
erence [1] shows statistical power to measure Higgs couplings at FCC-hh of order
0.5% for several couplings, but systematic limitations limit the precision to the 1.5-2%
range. This can be mitigated by using ratios where some of these uncertainties cancel.
These ratios then limit ratios of Higgs-couplings, but leave the absolute scale of the
couplings unconstrained. In some models, for example a singlet mixing with the Higgs,
can lead to an overall suppression of Higgs couplings without modifying the ratios of
couplings [2, 3].

There are ratios that can be taken between Higgs and other electroweak processes
that provide absolute normalizations. Reference [4] presents ratios involved associ-
ated Higgs production W H to electroweak diboson production W Z. The ratio Vector
Boson Fusion (VBF) production of Higgs to WW — evur over non-resonant VBF
qq — WW — evuv provides an exceptionally clean example, because the protons are



coupling to vector boson with similar kinematics in both cases. The only differences
are in mass scale and spin of the produced system. Furthermore the final state is iden-
tical except of the orientations and moderate differences in energy scale of the observed
particles. The combination of these means that the PDF, luminosity, QCD, and detec-
tor simulation uncertainties should cancel to a high degree; leaving the statistical and
background estimation uncertainties likely to be dominant. The different-flavor, evpuv,
final state is selected to avoid large Drell-Yan background. This note presents a simple
estimation of the background level and statistical power of such a measurement.

2 Samples

Madgraph [5] is used to simulate proton-proton collisions at 84 TeV and 100 TeV. Two
signal processes are simulated VBF WW production via an s-channel Higgs boson and
VBF WW production excluding diagrams with the Higgs boson, both with the W
pair decaying fully leptonically. The two main backgrounds to the this process are tt
where both W in the top-quark decays decay leptonically, and Z — 77 where the 7
leptons decay to e or u leponts. Pythia [6] is used to simulate the parton shower and
DELPHES [7] with the FCC-hh scenario II card [8] is used to simulate the detector
response. The processes shown in Figures 1a, 1b, and 1c are all generated in one sample
requiring pp — jj¢vlv with an s-channel Higgs Boson. The on-shell Higgs part is then
separated based on the generated parton-level 4-lepton mass. The sample is normalized
so that the produced rate in the 4-lepton mass peak is the 69 pb™* on-shell VBF Higgs
production cross-section calculated at NNLO-QCD and NLO-EWK][9]. The processes
in Figures 1d and le are generated as pp — jjlvly with QED=6 and with no Higgs
or top in the diagrams. This means that the ¢-channel diagram and the interference
of the two Higgs and Z process is not included which would have some effect, but not
substantial compared to the level of precision presented. The Z — 77 samples are
generated with two jets above 80 GeV are normalize to the NNLO calculation of the
cross-section using the NNPDF3.0 NNLO pdf [10].

3 Event Selection

The event selection uses a small set of standard VBF selection and top background
suppression requirements to select for both Higgs to WW — evur and non-resonant
VBF qq — WW — evpuv, specifically focusing on the final state with different lepton
flavors to avoid Drell-Yan background with mismeasured missing transverse energy
(H1). The selection requires to two jets with pz > 100 GeV and no additional jets with
pr > 30 GeV, which acts as simple central-jet veto for the VBF signature. The two jets
are required not to pass the loose b-tagging requirements to suppress tt. To suppress
non-VBF processes, the two jets are required to have An;; > 5.0 and m;; > 2 TeV.
Finally to further suppress Z — 77, a estimate of for the Z mass is constructed by
decomposing the 2-d MET vector along the directions of two leptons an plotting the
resulting mass.

The resulting yields for 100 TeV and 84 TeV are shown in Figure 1. Figure 2 shows
the m;; and An;; distributions before the final requirements on those two variables.
Figure 3 shows distributions of the final sample for Transverse mass of the euvv system
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Fig. 1: Main diagrams contributing to Vector Boson Fusion production of W (*)
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Table 1: Yields for the simulated 100 TeV sample and scaled
to 84 TeV cross-sections assuming the same 30ab~! integrated

luminosity.
Yield for 30 ab— 1T
Process 100 TeV  scaled to 84 TeV
Resonant VBF h —» WW* 23000 £ 600
Non-resonant VBF qq — qgWW 170000 + 13000
Gluon Fusion h —» WW* 4000 + 1000
tt 75000 £ 19000
Z =TT 13000 + 8000

which corresponds to ignoring the unmeasured components parallel to the beam and
assuming the mass of the neutrino system is the same as the mass of the lepton system,
which is valid in the limit that the W and W* are at rest in the Higgs frame. Figure
3a shows a clear resonant peak just below the 125 GeV Higgs mass with a long tail
to high mr due to the non-resonant Higgs processes (Figure 1b). Figure 3¢ shows the
classic preference for small A¢., values due to the spin correlations of the W and
W* in the H — WW process. There also an enhancement at large A¢,, which is
correlated with the large mr (non-resonant Higgs) region).

4 Fitting Results

The my distribution of the selected sample is then fit for the fractions of Higgs to
WW — evur and non-resonant VBF q¢ — WW — evuv. To exploit that the resonant
Higgs signal is primarily at low A¢e, and mey,,, and high pr,eu due to the scalar
nature of the Higgs boson, the sample is divide into a Higgs-like and non-Higgs-likes
signal regions for fitting. The Higgs-like signal region (SR1) requires A¢,, < 0.8 and
Mey, < 50 GeV , and high pr ., > 60 GeV. The non-Higgs-like SR is the remainder of
the selected events.

A mock data sample is constructed by summing all the modeled contributions and
Gaussian fluctuating them. A fit is then performed for the fraction of each contribution,
holding Gluon Fusion h — WW* and tf constant assuming that their normalizations
would be constrained from control regions. If t# is allowed to float in the fit to reflect
that only the shape is determined for control regions the uncertainty on the ratio
increases by 5% of itself. However, it is critical that the Gluon Fusion h — WW* is
constrained as mp and A¢,,, do not distinguish it from the VBF signal. The fit setup
is shown in Figure 4. The resulting expected statistical uncertainty on the ratio of
resonant VBF h — WW* to non-resonant VBF qq — qqWW is 1.8%.

5 Conclusion

A 1.8% level sensitivity to the absolute normalization of the Higgs-coupling scale is
demonstrated. A more sophisticated machine-learning-based approach plus a fit that
differentiates more regions that have different signal to background ratios as is often
implemented for current LHC analyses would like improve upon this. Furthermore, is
likely that more sophisticate reconstruction, specifically using tracking, could suppress
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Fig. 2: Distributions after the jet pr, jet veto, and b-jet veto

the ¢t background. Such improvements would probably lead the full sensitivity to be
in the 1-2% range.
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