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We study the sensitivities of non-standard top and Higgs couplings in the pp→ th j process at the
14 TeV high-luminosity run of Large Hadron Collider (HL-LHC). We calculate top polarization
and construct various lab-frame observables to study their sensitivities on anomalous couplings at
HL-LHC. Both anomalous Wtb and hVV couplings contribute in the production process. How-
ever, only the former contributes in top decay and only the latter takes part in Higgs decay. We
study this interesting interplay of couplings in the production and decay observables. In produc-
tion, these couplings significantly affect the top polarization. As a measure of top polarization, we
look at decay-lepton angular distributions in the laboratory frame and study the effect of anoma-
lous couplings on these distributions. We construct certain asymmetries to study the sensitivity
of these distributions to top quark couplings. In particular, real and imaginary parts of an hVV

coupling and real part of a Wtb coupling f2R significantly alter the top polarization and, in turn,
affect the decay-lepton distributions in laboratory frame.
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1. Introduction

To characterize the new boson discovered at the Large hadron Collider (LHC), we need to
study its couplings with a high precision with the SM particles. In the presence of CP violation, it
would have both scalar and pseudoscalar couplings. To determine the composition of the Higgs, in
this work, we study the polarization of the top quark when it is produced in association with Higgs
and a forward jet. This process would receive the contributions of various anomalous couplings
of the Higgs and top quark. But the most important one is top-Higgs Yukawa coupling. Direct
determination of this coupling is one of the important goal of high-luminosity LHC (HL-LHC).

Top polarization as a probe of this coupling in associated production of top and Higgs has been
proposed in [1, 2]. In this work, we propose an azimuthal asymmetry in the laboratory frame to
probe and determine the CP-phase of tt̄h coupling. The azimuthal distribution of charged lepton in
lab frame shows sensitivity to top polarization and thus to other anomalous couplings. More details
about top polarization and azimuthal asymmetry can be found in [3, 4] and references therein. It
has been studied extensively in the context of constraining top chromo-dipole couplings in top pair
production [6], in tW production [5]; and anomalous Wtb couplings [7] and CP violation [8] in
single-top production at the LHC. In the context of two Higgs doublet models (2HDM), it has been
used to determine tanβ [9, 10] and distinguish different 2HDMs [11].

The most general tt̄h coupling is written as:

Ltt̄h =
mt

v
t̄ (cosζt + isinζt)t h (1.1)

ζt is the CP-violating phase. ζt = 0 corresponds to pure scalar state while ζt = π/2 to pure
pseudoscalar state. Current LHC data on h→ γγ and h→ gg constrains |ζt |< 0.6π

Using only Lorentz and gauge invariance, the WWh couplings up to dimension-5 can be writ-
ten as:

LWWh = gh1(G+
µνW−µ +G−µνW+µ)∂ νh+gh2(G−µνG+µν)h (1.2)

− gh3
m2

W

v
(W+

µ W−µ)h+gh4(G+
µνG̃−µν −G−µνG̃+µν)h (1.3)

where Gµν and G̃µν are the field strength tensor and its dual respectively. Using only Lorentz
invariance, the tbW coupling can be written as:

Γ
µ =
−g√

2
Vtb

[
γ

µ(f1LPL + f1RPR)−
iσ µν

mW
(pt − pb)ν(f2LPL + f2RPR)

]
(1.4)

These couplings were studied in the context of associated-single top and Higgs production process
in ref. [12].

2. Top polarization and angular asymmetries of charged lepton

Top polarization can be determined through the angular distribution of its decay products.
In this work, we study the decay-lepton azimuthal distribution, in the lab frame, as a qualitative
measure of top polarization. In the lab frame, we define the lepton azimuthal angle with respect to
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the top-production plane chosen as the x-z plane, with the convention that the x component of the
top momentum is positive.

In Fig. 1, we show the lepton azimuthal distribution for different anomalous top couplings
at the 14 TeV LHC. We find that this distribution is sensitive to the CP phase of top Yukawa
coupling; and to the real and imaginary parts of the coupling gh1. To quantify the sensitivity of
these distributions, we further define an asymmetry in terms of partially integrated cross sections

A`
φ =

σ(cosφ` > 0)−σ(cosφ` < 0)
σ(cosφ` > 0)+σ(cosφ` < 0)

, (2.1)

Figure 1: The normalized azimuthal distribution of the charged lepton in th j production at the LHC14 for
anomalous WWh, Wtb and tth couplings. Also shown in each case is the distribution for the SM.

In Fig. 2, we display the top polarization and azimuthal asymmetry for different anomalous
top couplings at the 14 TeV LHC. One can easily notice from the top and bottom panel of fig. 2 the
fact that the asymmetry, A`

φ
, reconstructs the qualitative behaviour of the top quark polarization.

The A`
φ

is quite sensitive to real and imaginary parts of gh1 and CP-phase of top-Yukawa coupling
as can be seen from the fig. 2. After the HL-LHC run, the total integrated luminosity is expected
to be about 3 ab−1. With that amount of data, this asymmetry would determine the CP phase to
within π/16.

3. Conclusions

In conclusion, we find that the azimuthal asymmetry, which is defined in the lab frame, would
be a better probe to determine the CP-structure of the newly-discovered boson than the rest-frame
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Figure 2: The top polarization and azimuthal asymmetry Aφ for pp→ th j production as a function of top-
and Higgs-anomalous couplings.

asymmetries. The top polarization and the azimuthal asymmetry is sensitive to CP phase in the
parameter space where cross section is not much sensitive.
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