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Figure 4.3: Quark box diagram for 𝑔𝑔 → 𝑊𝑊 (also referred to as simply 𝑔𝑔𝑊𝑊 ) that
defines the largest background interference in ggF.

Each process was simulated with center of mass energy,√𝑠 = 13 TeV tomatch
the operating center of mass energy of the LHC during Run 2. Because proton
beams are colliding at the LHC, we deal with partons within each collision. Par-
tons are the constituents of protons, consisting of quarks. It is important to accu-
rately account for the energy contributions of each parton in the collision frame.
Parton Distribution Function (PDF)s give themomentum distribution likelihoods
of each incoming quark. For our purposes, the PDF Hessian set NNPDF3.1 (index
325300) is used (refer to [55, 56]). This set comes from the LHAPDF store, which
is the standard tool for evaluating PDFs in high energy physics. This particular
PDF group is utilized due to its relation to the strong coupling constant, 𝛼𝑠. 𝛼𝑠
represents the potency of the strong force, which binds quarks together. The PDF
set NNPDF3.1 sets 𝛼𝑠 equal to 0.118 at the Z boson reference energy scale, as this
is the most precise measurement of 𝛼𝑠 for vector boson energy scales [43]. Every
fundamental coupling “constant” in high energy physics scales with energy, as
shown in figure 4.4[57]; thus, at tera- (1012) eV scales, there exists smaller strong
couplings.

Within the generator framework, it is possible to rescale the H width. This
is an important aspect of any tool in attempting to understand the true value of
a measurable quantity. Table 4.5 shows a sampling of MCFM’s calculations of
different running masses of the H, which correspond to theoretical widths.

We reconstruct theH in simulation by building it from transversemass. There
are two challenges to ggF signal simulation: the initial states and the final states.
The initial states are the gluons, which fuse to create the triangle top loop, and
these gluons lack a usual quantifier–mass. The final states contain neutrinos,
which also lack identifiable mass, but to make it trickier, these particles cannot
be directly measured within our detection media. In particle physics, the reso-
nant particle is typically reconstructed from the final state particles, indicating
the dilepton system (2ℓ2𝜈).

In order to use MCFM to construct a H from these final states, we must call


