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The anomalous HZy coupling is studied through the process pp — pyp — pHX at the LHC.
Utilizing an effective Lagrangian with dimension six operators, new physics effects beyond the
standard model are explored in this paper. The applied model includes all kinds of Higgs boson
interactions in both CP-even and CP-odd structures. The accurate constraints on anomalous HZy
couplings are numerically analyzed and the results corresponding to the combination of the effi-
cient Higgs decay channels at three different forward detector acceptance regions are presented.
Our numerical results propose that the Higgs photoproduction is a reliable complementary chan-

nel to study the anomalous HZy vertices.
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1. Status of the Higgs-Gauge Boson Anomalous Couplings

The standard model (SM) of particle physics is well-tested at low energy experiments. How-
ever, to explore the new physics (NP) effects on the observed phenomena which are not predicted
by the SM, one has to follow non-SM models from a phenomenological point of view. In a model
independent approach, an effective Lagrangian with modified interaction terms is proposed, that
includes gauge invariant non-renormalizable effective operators after integrating out heavy degrees
of freedom beyond TeV scale. There is no evidence of NP discovered at the LHC run-I, up to now,
so the physicists attempt to search for signals of NP at the LHC run-II [1].

Following the discovery of the Higgs boson, the anomalous interactions of this field are also
theoretically studied in the literature [2, 3]. In the SM, the estimation of the Higgs boson decay
width in the H — Z7 channel is equal to 6 x 107® GeV. This is computed from the Higgs particle
coupling to photon and Z boson through the loop contributions of W boson and top quark inter-
actions. However, the observed 95% confidence level (C.L.) decay width for this process is about
10 times more than the predicted value by the SM [4, 5]. This discrepancy is a motivating aspect
to explore NP effects through the analysis of stringent constraints on both CP-even and CP-odd
anomalous HZYy couplings and their collider implications [6].

In the present paper, we focus on the Higgs production cross section considering the anoma-
lous HZy vertex in a single diffractive process at the LHC and one of the protons in a pp collision
remains intact. The fractional proton energy, &, as the detector acceptance region for detecting for-
ward protons, is approximately equal to § = E;/E, where, E, and E, are the energies of the emitted
photon and the incoming proton, respectively. In what follows, the constraints on the anomalous
HZy couplings, at center of mass energy /s = 14 TeV, are discussed for three different accep-
tance regions, 0.0015 < £ < 0.5, 0.0015 < £ < 0.15, and 0.1 < £ < 0.5 of the CMS and ATLAS
detectors [7].

To generalize the SM with the NP contributions, we start with an effective Lagrangian trun-
cated at dimension six interaction terms, ignoring possible dimension five operators [1],
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where, 0% and ¢{” represent gauge invariant local operators and dimensionless Wilson coefficients,
respectively. In the Higgs sector, the effective operators include the anomalous Higgs-gauge boson
interactions [3]. Up to the first power of Higgs particle, the effective Lagrangian can be written in
terms of the physical fields as £y = HZ, T*VA, + H .c., and the T*" vertex of the HZy interaction

in momentum space is [8, 9]
T (k,Q) = ai(k,Q)Q°¢"" + 04 (k, Q) [Q-kg"¥ — Q*K"] + oa (k, Q) €*¥P° Qpks.  (1.2)

Here, k and Q denote the Z boson and photon momenta and €y is a totally antisymmetric tensor
with €23 = 1. Practically, (&, a;, ) are dimensionful independent coefficients whose nonzero
values are possibly induced by non-SM heavy particles and can change Higgs production cross
sections. In the SM the leading order results are &*" = af™ = a5 = 0. In this notation, &, o are
the coefficients of the CP-even operators and o is the coupling in the CP-odd interaction term.
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These couplings depend on gauge boson masses, the SU (2), coupling constant, g, the weak mixing
angle, 0y, and should also be constrained in searching for NP effects [10].

The Feynman diagram of the Higgs production subprocess yqg — YZq — Hgq at leading order,
is illustrated in Fig. 1. In the forward collisions, the emitted photons are commonly considered

Figure 1: The Feynman diagram of the subprocess yq — YZq — Hgq at leading order.

massless particles in the equivalent photon approximation (EPA) method [11]. In the EPA the
photon spectrum is given by

dN o 1 E [N E2 &2
E,, Q%) = == 1—Iy(1— = L= 1.3
where, Fy, and F; are proton magnetic and electric form factors, respectively [12],
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In the following, due to the Q° = 0 approximation the & coupling disappears in the scattering
amplitude relation. For hard scattering matrix elements, we use the CTEQ14 collaboration results
in leading order for the parton distribution functions (PDFs) [13]. The uncertainties due to the PDF
choice are estimated as 0.022%, 0.019%, and 0.161% for the first, second, and third acceptance
regions at /s = 14 TeV, respectively [14]. Integrating the product of the subprocess cross section,
the photon spectrum from Eq. (1.3), and also a selected PDF set leads to the total cross section in
which the integration limits are determined by corresponding conservation laws. Using

2 (1)2
=M E min | - M 7E max | »
mm ax |: Xima ? Pg :| mix mn |:4Ep in Pg :|
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the total cross section is derived
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Numerical results of relation (1.6) show that there is no considerable difference between the cou-
plings o and . In this paper, the factorization scale, U, the renormalization scale, u,, and the
threshold production scale, Q», are all considered equal to the Higgs mass, my = 125 GeV.

2. Constraints on the Higgs-Gauge Boson Anomalous Couplings

To perform the numerical analysis on the couplings constraints from the process pp — pyp —
pHX at the LHC, we need the expected background and signal events in the relevant Higgs decay
channels. The combined results of three channels H — yy, H — W*W ™, and H — ZZ are dis-
cussed and the SM branching ratios for these decay channels are 2.28 x 1073, 2.15 x 10~!, and
2.64 x 1072, respectively [15]. The number of signal events for each final state, Ny, at a specific
integrated luminosity, .%,,, is theoretically given by

Nigna (01, 00) = 6(pp — pHX) X Br(H — FF) X Br(F — fif2...) X L. 2.1

Here, F = y,W*,Z, and f = I*,v; (for F = W, Z), also Br(W — fif>...) = 0.05, and Br(Z —
fifa...) = 0.12. We take into account the irreducible background, (y+ ¢ — H + g), in diffractive
processes as well as the reducible ones. As we found, the contribution of the reducible photopro-
duction processes is rejected by applying the cuts and is more smaller than that of the irreducible
process. The background cross sections, calculated with CompHEP v4.5.2 package are in Ref. [16].
The final state includes an intact proton in addition to yy+ jet, ['l5 vy, vy, + jets, and I T 1515,
for yy, WtW~, and ZZ decay channels, respectively. This state is considered to calculate the
background subprocesses. In this analysis, we use the survival factor, € = 0.74, which depends
on the detector performance, and at the scale of Higgs mass results in a ~ 26% reduction of the
expected signal and background cross sections [17]. Moreover, the reconstruction and acceptance
efficiencies are not included into the bounds estimations in this paper.

H-->W' W +ZZ+yy

! 0.0015<£<0.5
o A -—- 0.0015< £<0.15
. - 01<&<05

Figure 2: The contour diagrams in o — @ plane (units in TeV~!) for the combined channel of three
different Higgs decay channels with 95% C.L. at /s = 14 TeV, € = 0.74, and for %, = 300 fb~!. The
curves are plotted for three different acceptance regions.
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The contour diagrams of the bounds in the combined channel are studied in Fig. 2, in o — ¢
plane, with 95% C.L. at \/s = 14 TeV, € = 0.74, and for .%,, = 300 fb~! in three & values. As is
shown in Fig. 2, the first acceptance region is the most sensitive interval of & to the anomalous
couplings and this point could be estimated by a counting experiment analysis. Figs. 3 and 4
display the dependencies of @;—; > to the integrated luminosity and survival factor, respectively.
The curves are depicted at /s = 14 TeV and for three different acceptance regions. Increasing
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Figure 3: The anomalous couplings as a function of integrated luminosity, at /s = 14 TeV and € = 0.74.
The curves are plotted for three different acceptance regions.

the luminosity as well as survival factor provide more restricted bounds in all acceptance regions.
To have more realistic constraints, the appropriate cuts, which select the events, are applied on
pseudorapidities and transverse momenta of the final state particles. Moreover, some mass cuts to
suppress the background events at each decay channel are imposed.
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Figure 4: The anomalous couplings as a function of survival factor, at \/s = 14 TeV and .%,, = 300 b1,
The curves are plotted for three different acceptance regions.

The SM loop computation at my = 125 GeV, ignoring bottom quark contributions, predicts a
coupling value of about ¢; = —4.1 X 1075 GeV~! [3]. According to the CMS (ATLAS) measure-
ments at center of mass energy /s = 8 TeV and the luminosity .%,, = 19.6 fb~!, the constraint
on the anomalous coupling is —0.162 < a;; < 0.082 TeV~! (-0.168 < a; < 0.088 TeV~!) [18]
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([19]). Comparing the results of Figs. 2-4 with the corresponding ones reported in Ref. [3],

04} | <2
TeV~!, one can find that our proposed channel is more sensitive to probe the HZy couplings. Fol-
lowing additional processes to suppress backgrounds with a real analysis on experimental data can
help to improve the constraints that phenomenologically extracted here. In the present paper, we
can emphasize that detecting particles in the forward regions is a reasonable method to explore the
anomalous HZYy vertices. We conclude that besides the other channels, the studied Higgs photo-
production process is complementary to search for the NP effects at the LHC future run.
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