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We present a method which relies on loop contributions from four-top SMEFT operators to single
Higgs observables to contrain their Wilson coefficients. Such loop-induced terms have a non-
trivial interplay with the extraction of the trilinear Higgs coupling. We show that this strategy
can, for some operators, lead to more stringent bounds than direct measurement via top quark
data. Finally, we mention some recent developements in the treatment of 𝛾5 in dimensional
regularisation in the context of the SMEFT.
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1. Introduction

The Standard Model (SM) is one of the biggest scientific successes of our time. However, it
leaves several phenomena unexplained. The next decades will not see a significant increase in the
energy range of collider experiments, lowering the chances to directly observe new particles.

In the absence of New Physics (NP) signals, Effective Field Theories (EFTs) provide a powerful,
pragmatic and general approach for the search of physics beyond the SM. The underlying strategy is
to parametrise the effects of heavy new physics lying beyond our current experimental reach. The
Standard Model Effective Field Theory (SMEFT) is built adding to the SM Lagrangian a tower of
higher-dimensional operators built with the SM fields, which must respect the SM gauge symmetry
group SU(3)C ⊗ SU(2)L ⊗ U(1)Y,

LSMEFT = LSM +
∑︁
D𝑖>4

C
𝑖

ΛD𝑖−4 O𝑖 , (1)

being D𝑖 the mass dimension of O
𝑖
. This allows to describe the effects of heavy degrees of

freedom with masses of order Λ ≳ 𝑣 = 246 GeV. The C
𝑖

are known as Wilson coefficients. If
we assume that lepton and baryon number are conserved, the first non trivial order of the SMEFT
expansion leads to dimension-six operators. The inclusion of higher-dimensional operators entails
many consequences: the interaction vertices are modified and new topologies arise (see [1]) and
the running of the SM parameters is modified (see [2]).

2. Four-top operators and interplay with the trilinear Higgs self-coupling

In many NP scenarios, new degrees of freedom are expected to have an enhanced coupling
with particles of the third generation. This motivates us to focus on four-top operators:

L4𝑡
D=6 =

C𝑡𝑡

Λ2 (𝑡𝑅𝛾
𝜇𝑡𝑅) (𝑡𝑅𝛾𝜇𝑡𝑅) +

C (1)
𝑄𝑄

Λ2 (𝑄̄𝐿𝛾
𝜇𝑄𝐿) (𝑄̄𝐿𝛾𝜇𝑄𝐿)

+
C (3)
𝑄𝑄

Λ2 (𝑄̄𝐿𝛾
𝜇𝜏𝐼𝑄𝐿) (𝑄̄𝐿𝛾𝜇𝜏

𝐼𝑄𝐿) +
C (1)
𝑄𝑡

Λ2 (𝑄̄𝐿𝛾
𝜇𝑄𝐿) (𝑡𝑅𝛾𝜇𝑡𝑅) +

C (8)
𝑄𝑡

Λ2 (𝑄̄𝐿𝛾
𝜇𝑇 𝐴𝑄𝐿) (𝑡𝑅𝛾𝜇𝑇 𝐴𝑡𝑅),

(2)

where 𝑄𝐿 and 𝑡𝑅 refer to the third family iso-doublet (left-handed) and iso-singlet (right-handed,
up-type) and 𝑇 𝐴 (𝜏𝐼 ) are the generators in the fundamental representation of SU(3)c (SU(2)L).

A direct measurement of the four-top operators requires the production of four top quarks,
which is a rare process in the SM (∼ 12 fb, see [3–5]). Bounds obtained from a combination of
Higgs, diboson and top quark data can be found in [6]. Some operators, such as O (1)

𝑄𝑡
, can be

constrained via electroweak precision data, see [7]. Moreover, also flavour observables can provide
bounds on flavour-conserving operators as the ones discussed here, see [8].

Here we discuss a method to indirectly constrain four-top operators via single Higgs observables
where they enter at loop level, first presented in [9], such as 𝑔𝑔 → ℎ, ℎ → 𝑔𝑔/𝛾𝛾 and 𝑡𝑡ℎ production.
The process we showcase here is 𝑔𝑔 → ℎ, which receives contributions from the operators in Eq. (2)
at two-loop level (see Fig. 1).
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(a) Contribution to the Higgs-top
quark coupling.

𝑔
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(b) Contribution to the top quark
propagator.

𝑔

𝑔

ℎ

(c) Contribution to the gluon-top
quark vertex.

Figure 1: Contributions from insertions of four-top operators (red square dot) to 𝑔𝑔 → ℎ at two-loop level.
Black dots denote SM interactions.

In the SMEFT the modifications of the trilinear Higgs coupling are parametrised by O
𝜙
≡(

𝜙†𝜙
)3. The trilinear coupling impacts 𝑔𝑔 → ℎ at two-loop order, see Fig. 2. Some contributions

are process-specific and linear in the trilinear coupling (as the ones in Figs. 2a, 2b) while others are
universal and quadratic in the trilinear coupling (as in Fig. 2c), see [10, 11] for the details.
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Figure 2: Contributions from insertions of a modified trilinear coupling (blue square dot) to 𝑔𝑔 → ℎ at
two-loop level. Black dots denote SM interactions.

The bare matrix element in our case is (using dimensional regularisation with 𝐷 = 4 − 2𝜖),
schematically, 𝑖Mbare = 𝐴

(
1
𝜖
+ log 𝜇2

𝑅

Λ2

)
+ 𝐵. To get rid of the divergent part, a renormalisation

procedure is required and we have 𝑖Mren = 𝑖Mbare + 𝑖Mc.t. = 𝐴 log 𝜇2
𝑅

Λ2 +𝐵. The logarithmic term is
connected to the divergences of the theory, thus to the anomalous dimension which, for the SMEFT
at one-loop level, is available in [2, 12, 13]. It follows that these terms can be inferred from the
anomalous dimension and do not require any computation. Conversely, the finite terms, represented
by 𝐵, require a full computation. As it was shown in [9], such contributions can be comparable
with the logarithmic-enhanced ones and thus be phenomenologically relevant.

Several subleties arise due to the delicate question of the continuation of 𝛾5, appearing in the
four-top vertices, to 𝐷 ≠ 4 dimensions. We performed the computation using the two most common
continuation schemes, namely NDR ([14]) and BMHV ([15, 16]). We find a divergence only in
the first case,yielding an anomalous dimension for O

𝜙𝐺
=
(
𝜙†𝜙

)
𝐺𝐴

𝜇𝜈𝐺
𝜇𝜈,𝐴 which depends on the

scheme. This phenomenon is well-known in the context of the O (𝛼𝑠) contributions to transitions
as 𝑏 → 𝑠𝛾/𝑠𝑔 (see [17, 18]) and it is due to a non-trivial interplay between different effective
operators. We presented in [19] an extension of this strategy, which allows to obtain a scheme-
independent result not only for the anomalous dimension but also for the (potentially relevant) finite
parts. This can be achieved assuming that the Wilson coefficients depend on the scheme chosen for
𝛾5. Moreover, we presented in [19] an explicit map to translate the Wilson coefficients from one 𝛾5

scheme to the other.
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(a) Higgs transverse momentum distribution (upper panel) and percentual difference for each bin
between the one- and two-loop running computed asΔ ≡
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Figure 3: Comparison between the one- and two-loop running of C
𝜙𝐺

.

The effect of the scheme-dependent anomalous dimension is discussed in Fig. 3 for 𝑝𝑝 → 𝑡𝑡ℎ.1
The two cases do not exhibit a large difference in this scenario, being a two-loop effect while the
SM amplitude arises at tree-level. In other processes, scheme-dependent running effects can be
more relevant and require a coherent treatment. A detailed study which takes into account also the
scheme-dependence of the finite parts, extending the results presented in [9], is left for future work.

3. Conclusions and outlook

In this talk, we presented an indirect method to constrain SMEFT four-top operators using their
loop-induced contribution to single Higgs observables. The bounds obtained with this strategy
offer an alternative way to direct probes, yielding in some cases an even better result (see [9]).

The promising program of indirect bounds on four-top operators can be extended by considering
differential observables to increase the constraining power of the fit. Moreover, including differential
observables may remove some degeneracies in the parameter space, see [21]. A possible extension
of this analysis is 𝑝𝑝 → ℎ 𝑗 , which we leave for future work. The impact of four-top operators in
𝑝𝑝 → ℎℎ (considering also the subleties of the continuation of 𝛾5) has been studied in [22].

1A detailed study of the renormalisation group effects for 𝑝𝑝 → 𝑡𝑡ℎ can be found in [20].
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