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We study the contribution of the torsion-descendent four-fermion con-
tact interaction to the decay width of a neutral (pseudo)scalar field into
a fermion pair. This new interaction comes from the existence of gravita-
tional torsion in models with extra dimensions. Additionally, we exemplify
the formalism by studying two cases: first, the variation of the considered
branching ratio of the Higgs in the context of the Standard Model, and
second the proper variations of the scalar and pseudoscalar fields of the
type II-1 two-Higgs doublets model.
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1. Introduction

The discovery of the Higgs boson in 2012 at the Large Hadron Collider
(LHC) [1–3] not only has completed the picture of the Standard Model
(SM), but also has opened the possibility of real existence of fundamental
scalar fields in nature. At the same time, some of the puzzles in the SM,
such as neutrino mass generation and dark matter, have stimulated the
scientific community to consider models with a larger scalar sector [4–16].
Extended scalar sector is also predicted by models such as supersymmetry
[17–19], some versions of strong electroweak symmetry breaking models [20]
and non-minimal composite Higgs models [21–23]. Although no deviation
from the SM has yet been observed, the LHCb Collaboration has reported
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anomalies in the Lepton Flavour Universality violating ratios, RK and RK∗ .
These anomalies can be explained via models that include new heavy vector
and scalar bosons [24–26].

At the same time, there have been other extensions of the SM motivated
by the possible existence of more than three spatial dimensions [27–33].
In these scenarios, it is tempting to consider (in the bulk) an extended
gravitational sector. Indeed, Einstein’s theory of gravity, known as General
Relativity (GR), is now viewed as a low-energy effective theory of a (yet
unknown) fundamental model, in particular due to the lack of a consistent
quantum version of the theory1. In an effort to obtain a more fundamental
theory of gravity, several generalizations of GR have been proposed, from the
minimal generalization of considering a metric compatible affine connection
[41–44], models which keep the precepts of GR but in higher dimensions
[45, 46], metric-affine theories [47], affine theories [48–54], models with higher
order in curvature and/or torsion [55–61], etc.

In this letter, we shall only consider Cartan’s generalization to GR, usu-
ally called Einstein–Cartan theory of gravity (ECT), in which the torsion
turns out to be a non-dynamical field, and it can be integrated out of the
system. When the ECT of gravity is coupled with fermionic matter, the
integration of the torsion induces an effective four-fermion contact interac-
tion [62–65], whose phenomenological effects can be observed at accelerators.
It is well-known that such an induced effective interaction is strongly sup-
pressed because it is diminished by Newton’s constant, or in other words, by
the inverse of the Planck mass squared. However, there are scenarios with
extra dimensions which achieve naturalness between the electroweak, MW ,
and the (fundamental) gravitational scales, M∗, while the known Planck’s
mass, MPl, is an enhanced effective gravitational scale [66–70]. Therefore,
the suppression of the torsion-descendent four-fermion interaction is not as
dramatic.

Among the phenomenological aspects which can be observed from the
induced four-fermion interaction, one can name the following: several cosmo-
logical problems [71–76], the origin of fermion masses [77], neutrino oscilla-
tion [78–80], impose limits on extra dimensional model [81–83], and changing
one-loop observable [84, 85].

A possible effect of this four-fermion interaction is to modify, through
one-loop effects, the decay width of generic (pseudo)scalar bosons into a
pair of SM fermions. The aforementioned is applicable, for example, to the
Higgs decay. This deviation from the standard predictions could be ob-
served in principle, by means of precision measurements performed in future
lepton colliders as the International Linear Collider (ILC) or the Compact
Linear Collider (CLIC).

1 There are several attempts of quantize the gravitational interactions, see, for example,
Refs. [34–39]. For a historical review, see Ref. [40].
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The letter is organized as follows. A brief review of the theoretical setup
is presented in Sec. 2. In Sec. 3, we show the one-loop corrections due to the
effective interaction to the decay width for a (pseudo)scalar boson decaying
into a fermion pair. In Sec. 4 and Sec. 5, we apply our result to the SM
Higgs, and to the (pseudo)scalars in the framework of two-Higgs doublets
model (2HDM), decaying into τ+τ− and bb̄ final states. Finally, in Sec. 6,
we present a discussion of the results and the concluding remarks.

2. Effective interaction through gravitational torsion

The standard GR is interpreted as a field theory for the metric. Since
the field equations for the metric are of second order, the approach is known
as second order formalism. However, even in standard GR — where the
connection is a metric potential — one can treat the metric and the con-
nection as independent fields, and their field equations are then first order
differential equations. This latter approach is called first order formalism or
sometimes Palatini’s formalism [86]. Although Palatini’s approach can be
used with the metric and connection fields, it is useful to consider an equiva-
lent set of fields known as the vielbein (eaµ) and the spin connection (ω ab

µ ) 2

which encode the information of how to translate from the curved spacetime
to the tangent space, and how these tangent spaces are connected with those
of the neighbourhood points3. The equivalence between the metric and the
vielbein is given by

gµν = ηabe
a
µe
b
ν . (1)

Despite one can write down an explicit relation between the Christoffel
connection and the spin connection, we omit it. Instead, we present the
equations that define the torsion and curvature two-forms4 i.e. the Cartan
structure equations

dea + ωab ∧ e
b = T a and dωab + ωac ∧ω

b
c = Rab . (2)

The vielbein and spin connection one-forms are defined as

ea = eaµdxµ and ωab = ω ab
µ dxµ , (3)

while the two-forms are written explicitly in components as

T a = 1
2T µ

a
ν dxµ ∧ dxν = 1

2T m
a
n e

m ∧ en

and

Ra
b = 1

2Rµν
a
b dxµ ∧ dxν = 1

2Rmn
a
b e

m ∧ en . (4)
2 The name “spin connection” is historical, and it is not necessarily related with the
spin of the fields. For this reason, some authors prefer to call it Lorentz connection.

3 The vielbein field ensures the validity of the equivalence principle.
4 We make extensive use of the formalism of differential forms [87–90].
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In the following, in order to distinguish among quantities in higher or four-
dimensional spacetimes, we shall use the notation defined in Refs. [77, 83, 85],
where hatted quantities refer to objects (or indices) lying in the former,
while unhatted quantities refer to objects (or indices) lying in the latter. It
is worth to mention that we denote by γ∗ the four-dimensional chiral matrix
and multi-index gamma matrices represent the antisymmetrized product of
gamma matrices, i.e., γµ1···µn = γ[µ1 · · · γµn].

As a starting point, we consider the D-dimensional action which includes
ECT of gravity coupled minimally with Dirac fields5

S =
1

2κ2

∫
εâ1...âD

(D − 2)!
R̂â1â2

∧ êa3∧ . . . ∧ êaD

−1

2

∑
f

∫ (
Ψ̄f γ̂∧ ? D̂Ψf − D̂Ψ̄f∧ ? γ̂Ψf

)
, (5)

where D̂ is the spinorial covariant derivative in a curved spacetime, defined
by6

D̂Ψ = dΨ + 1
4 ω̂

âb̂γâb̂Ψ ,

D̂Ψ̄ = dΨ̄ − 1
4 Ψ̄ ω̂

âb̂γâb̂ , (6)

where the symbol γ̂ denotes the contraction γâêâ, the ? stands for the Hodge
star map, and the subscript f stands for the fermion’s flavour.

The field equation for the spin connection in Eq. (5) yields an algebraic
equation for the components of the torsion

1

2

[
T̂b̂ĉâ + T̂b̂âĉ + T̂âb̂ĉ

]
≡ K̂âb̂ĉ = −κ

2

4

∑
f

Ψ̄fγâb̂ĉΨf . (7)

Notice that the expression in the LHS is the contorsion, whose only nontrivial
component, from Eq. (7), is its totally antisymmetric part.

The contorsion is the tensor which relates the affine spin connection with
the torsion-less spin connection, ˆ̄ωâ

b̂
, through the equation

ω̂â
b̂

= ˆ̄ωâ
b̂

+ K̂â
b̂, (8)

where the contorsion one-form is defined by K̂â
b̂ = K̂m̂âb̂ ê

m̂.

5 We assume that fermion masses are developed through the Higgs mechanism, so there
is no need for considering nontrivial fundamental mass terms.

6 Hereon, multi-index gamma matrices represent the totally antisymmetric product of
gammas.
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The advantage of Eq. (7) is algebraic, which means it can be substituted
back into the action, allowing us to obtain an effective, torsion-free action.
The effective action includes GR coupled minimally with the Dirac fields,
plus an induced four-fermion contact interaction, namely

L4FI =
κ2

32

∑
f1,f2

(
Ψ̄f1γâb̂ĉΨf1

) (
Ψ̄f2γ

âb̂ĉΨf2

)
. (9)

In four dimensions — where κ2 = 1
M2

Pl
— the extra contact interaction is

strongly suppressed by the Planck mass, as anticipated. Therefore, this
effective interaction is negligible for any phenomenological effect.

Lately, the phenomenological insight of scenarios with extra dimensions
has increased, boosted by works which solve the hierarchy problem7 i.e. the
huge difference between the electroweak and gravitational scales, through
the introduction of a fundamental scale of gravity, κ−1

∗ = M∗ ∼ TeV, which
gets enhanced in the four-dimensional effective theory, up to the Planck scale
[66–70].

Within the framework of model with extra dimensions, the coupling ac-
companying the effective four-fermion interaction in Eq. (9), should be re-
placed from κ to κ∗, which permits — in principle — to obtain some particle
physics phenomenology from the gravitational induced term.

In the rest of the paper, we restrict ourselves to considering a single extra
dimension. As a first step, we decompose the induced four-fermion interac-
tion in terms of four-dimensional quantities, assuming the five-dimensional
Clifford algebra admits the same representation as the one in four dimen-
sions. Therefore,(

γâb̂ĉ
) (
γâb̂ĉ

)
= (γabc)

(
γabc

)
+ 3 (γab∗)

(
γab∗

)
. (10)

Hence, the interaction in Eq. (9) rises an axial–axial and a tensor-axial–
tensor-axial interactions [77]

Leff =
3κ2
∗

16

∑
f1,f2

(
Ψ̄f1γaγ

∗Ψf1
) (
Ψ̄f2γ

aγ∗Ψf2
)

+
3κ2
∗

32

∑
f1,f2

(
Ψ̄f1γabγ

∗Ψf1
) (
Ψ̄f2γ

abγ∗Ψf2

)
, (11)

where γ∗ is the chiral matrix in four dimensions.
7 One of the most outstanding proposals in the context of extra dimensions is the
AdS/CFT correspondence (see, for example, Refs. [91–93]), which related different
physical theories living in different dimensions, the reason why it is sometimes called
holographic theory. Nevertheless, we do not use the correspondence in this work.
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3. One-loop correction of decay width for a (pseudo)scalar
into a pair of fermions

The splitting of the effective interaction, Eq. (11), can be written in
terms of current–current interactions, as shown in Ref. [94]

Leff =
3κ2
∗

16

∑
f1,f2

(
J∗a f1

) (
Ja∗f2
)

+
3κ2
∗

32

∑
f1,f2

(
J∗ab f1

) (
Jab∗f2

)
. (12)

There are two different contributions to the ϕ → ff̄ process which will be
called s-channel (see Fig. 1 (a)) and t-channel (see Fig. 1 (b)), respectively.
It is worth to mention that in order to obtain chiral fermions in the effective
four-dimensional theory, an orbifold condition must be imposed in the extra
dimension [84], and such a condition avoid the presence of tensor-axial–
tensor-axial currents in Eq. (12). Therefore, in the below analysis, only the
induced axial–axial currents will be considered.

Fig. 1. Scalar to fermion pair through the four-fermion interaction in s-channel (a)
and t-channel (b).

We assume that the (pseudo)scalar fields couple to fermions through
generic Yukawa interactions, whose couplings are not necessarily propor-
tional to the final-state fermion mass. Further, we assume that the scalar
field ϕs is CP-even, and the pseudo-scalar field ϕp is CP-odd. Then, our
Lagrangian contains the terms

L =
∑
f

yfs ϕsψ̄fψf + ı
∑
f

yfpϕp

(
ψ̄fγ

∗ψf
)
, (13)

where yfs,p are real and arbitrary constants, and the f index runs for each SM
fermion, without considering neutrinos. On the other hand, a (pseudo)scalar
field decays into a fermion pair through a current of the form of

J = ūf (~p ) (S + ıPγ∗) vf
(
~p ′
)
, (14)

where S and P are the scalar and pseudo-scalar form factors. According to
the current in Eq. (14), the decay width of a (pseudo)scalar particle into a
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fermion pair at tree level is given by

Γ
(
ϕ→ ff̄

)
= Nc

Mϕ

8π

√
1−

4m2
f

M2
ϕ

((
yfs

)2
S2

(
1−

4m2
f

M2
ϕ

)
+
(
yfp

)2
P 2

)
,

(15)
where Mϕ is the mass of the (pseudo)scalar, mf is the fermion mass in the
final state of the process and Nc is the colour factor, which in the case of
decay into quarks, will take the value of Nc = 3 8.

It is worth noticing that the structure of the induced four-fermion inter-
action in Eq. (12), the t-channel Feynman diagram — see Fig. 1 (b) — does
not contribute to the decay width of the scalar nor pseudoscalar field. In
the former, the trace of the product of Dirac matrices

Tr
[(
/p1

+ /p2
− /q −mi

) (
/q −mi

)
γµγ∗

]
vanishes identically due to the presence of the chiral matrix (γ∗), while in
the latter, although the trace of the amplitude is nontrivial, the Feynman
integral results to be zero.

Next, we want to estimate the order of the correction to the decay width
induced by the four-fermion interaction described above. For that end, we
assume that the fundamental scale of gravity M∗ is of the order of the new
physics scale Λ (M∗ ∼ Λ). Therefore, although our result comes from generic
models with an extra dimension, we hide the details of the model, such as
the size of the extra dimension and the embedding of the four-dimensional
spinors into the five-dimensional ones, within this new scale of physics.

The one-loop corrections to the current in Eq. (14), δJ , through the
scalar field decay into two fermions, considering the effective four-fermion
interaction is

δJ = ūf (~p ) (δS) vf
(
~p ′
)

with δS = − 3

32

1

Λ2

(
M2
ϕ − 2m2

f

)
log

(
Λ2

M2
ϕ

)
,

(16)
while for the pseudoscalar it is

δJ = ūf (~p ) (ıPγ∗) vf (~p ′) with δP = − 3

32

1

Λ2

(
M2
ϕ − 6m2

f

)
log

(
Λ2

M2
ϕ

)
.

(17)
Keeping the original coupling (tree level) and accounting for CP invar-

iance, these results generate corrections to the variation of the decay width

8 We have cross-checked our calculations using the Mathematica package FeynCalc [95].
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of the form of

δΓ S
4FI = − 3

128

Nc

(
yfs
)2
Mϕ

πΛ2

(
M2
ϕ − 2m2

f

)(
1−

4m2
f

M2
ϕ

)3/2

log

(
Λ2

M2
ϕ

)
,

(18)
and

δΓP
4FI = − 3

128

Nc

(
yfp
)2
Mϕ

πΛ2

(
M2
ϕ − 6m2

f

)(
1−

4m2
f

M2
ϕ

)1/2

log

(
Λ2

M2
ϕ

)
.

(19)
In these two cases, the original result is a function of the Passarino–

Veltman integrals, however, we have written the expressions with the explicit
logarithmic dependence on the scale Λ.

4. Standard Model example: correction to Higgs decay
into a pair of fermions

Now, we focus on a special case of the Higgs boson decay. As mentioned
above, only the s-channel diagrams contribute to the variation of the Higgs
decay width. Furthermore, due to the fact that SM Higgs is a scalar particle,
the quantities S and P in Eq. (15) are one and zero, respectively. Since
the torsion-induced four-fermion interaction comes from the kinetic term,
although the dimensional reduction induces a Kaluza–Klein tower in the
effective particle spectrum, indisputably the fermion around the loop has
the same flavour as the outgoing particles. Therefore, none of the particles
in the Kaluza–Klein tower enter in the analysis. Then, the correction to the
variation of the Higgs decay width is

δΓ4FI

(
h→ ff̄

)
= − 3

512

g2m2
fMh

πM2
WΛ

2

(
M2
h − 2m2

f

)(
1−

4m2
f

M2
h

)3/2

log

(
Λ2

M2
h

)
.

(20)
We will focus on Higgs decays into both τ+τ− and bb̄, which are the

main fermionic decay modes, in order to estimate the size of the effects and
compare these corrections with the total decay width predicted by the SM. In
Fig. 2 (a), we show the correction on the Higgs branching ratio into fermion
pairs as a function of the gravitational scale. For fundamental gravitational
scales as low as 1 TeV, the correction induced by the torsion interaction is
about 1.024% for the decay channel h→ bb̄, while for the process h→ τ+τ−,
it decreases to 0.075%. As it is expected, for higher gravitational scales, the
correction decreases due to the quadratic suppression (Λ−2) in Eq. (20).
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Fig. 2. (a) Variation of the Higgs boson branching ratio δBr4F due to the 4-fermion
interaction as a function of the new physics scale Λ. The dashed line denotes
h→ τ+τ− decay and the solid one h→ bb decay channel. (b) Expected significance
level (SL) at ILC.

Although the dominant Higgs branching fractions come from h→ bb̄ and
h → τ+τ−, the LHC coupling precision capabilities are not good enough
to resolve what we are interested in, due to the presence of QCD back-
grounds [96, 97]. However, the bb̄ signal channels may be more visible at
future Higgs factories, such as the ILC [97–99] or CLIC [100–103], where
the QCD background is reduced. Then it is expected higher precision mea-
surements in the Higgs sector, allowing to explore deeply the couplings and
decay width, and therefore, being able to measure deviations in the Higgs
decay width, eventually as low as our results.

Keeping in mind the aforementioned conditions, we estimate the ex-
pected significance level (SL) at the ILC, coming from the four-fermion in-
teraction. Such estimation reads

SL =
σ × L× Br4F(Λ)√
σ × L× BrSM

εf , (21)

where σ is the production cross section of the Higgs boson via Higgsstrahlung
σ = σ(e+e− → hZ) and vector boson fusion σ(e+e− → νν̄h), L is the ex-
pected luminosity for each run, and εf is the signal selection efficiency for
the f -channel, which is approximatelly εf ' 0.3 in both of the considered
channels [104, 105]. As shown in Fig. 2 (b), as the gravitational scale in-
creases, the expected significance in the number of events — due to the
torsion — decreases. It tells us that the effect is observable at the ILC only
if Λ ∼ 1 TeV. Therefore, if ILC does not see a significant excess of events in
both bb̄ and τ+τ− channels at these energies scales, either the scale of grav-
ity is much bigger than these energy scales, or ETC gravity is not coupled
minimally to fermions.
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However, recent analysis on the constraints imposed by the torsion in-
duced four-fermion interaction on the Z boson decay (see Refs. [84, 85]),
the strongest limit is Λ ' 30 TeV. Given this stringent limit, the correction
to the decay width of the Higgs drops to approximately 3.3 × 10−3% and
2.2× 10−4% for bottom and tau pairs respectively. Such limits are unlike to
be measured in current experiments, but could be reached at future Higgs
factories.

5. Beyond Standard Model example: 2HDM

The 2HDM has in its physical spectrum two neutral scalars (h0, H0),
one pseudo-scalar (A0), and two charged bosons (H±), see, for example,
Ref. [106]. We focus on the coupling between neutral bosons and SM
fermions. The parametrization of the Yukawa interactions in this context is

LYuk = −
∑
f

mf

v

(
ŷhf f̄fh

0 + ŷHf f̄fH
0 − ıŷAf f̄γ5fA0

)
, (22)

where the constants ŷh,H,Af are real numbers which depend on the specific
model, and v is the vacuum expectation value of the Higgs field. There
exist a diversity of forms of the 2HDM (Type I, II, X and Y), but we shall
consider the type II in its first scenario, called Type II-1, which has the best
fits to the observed data. In this scenario, the h0 state matches with the
126 GeV resonance observed h at the LHC, then h0 = h, and the ŷhf measures
the deviation at tree level in the coupling between the Higgs and the SM
fermions. The other neutral scalars are heavier than the corresponding Higgs
boson and the coupling constants ŷH,Af are determined by the Type II-1
model [106].

5.1. Corrections to the Higgs decay width in Type II-1 2HDM

We compare the corrections to the Higgs decay width, induced by the
torsion-descendent four-fermion interaction, in two possibles submodels: the
constrained by flavour-physics and the unconstrained [106]. We summarise
the values of the Yukawa couplings in both submodels in Table I.

Considering the matching between the coupling constants in Eqs. (13)
and (22), i.e. yfs,p = mf ŷ

h
f /v, we put these values in our master formula for

the scalar decays into both bb̄ and τ τ̄ . The variation of the Higgs partial
width decay due to the four-fermion effective interaction in the context of
the 2HDM are shown in Fig. 3. The differences in the Higgs decay width
variation between the SM and the 2HDM frameworks are small for all Λ
(less than 1%), because the deviations in the Yukawa coupling between the
two cases are negligible.
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TABLE I

Yukawa couplings to up-type quark, to down-type quark, and to charged leptons
for both submodels.

Yukawa coupling Constrained Unconstrained

ŷhu 1.28 1.05
ŷhd −0.91 −0.99

ŷhl −0.91 −0.99
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h +

 SM 
h bb
h +

Fig. 3. Variation of the Higgs decay witdh into bb̄ and τ τ̄ at one-loop due to the
4-fermion interaction as a function of the new physics scale Λ.

5.2. Decay width corrections to the heavy neutral (pseudo)scalars
in the 2HDM

Next, we estimate the corrections to the decay width of the heavy neutral
scalars (H,A). We exemplify in the unconstrained Type II-1 model, whose
Yukawa couplings are summarised in Table II.

TABLE II

Effective Yukawa couplings for Type II-1 unconstrained model for the massive
scalar H0 and pseudoscalar A0 to fermions: up-type quarks, down-type quarks
and charged leptons.

Yukawa coupling Scalar (H0) Pseudoscalar (A0)

yu 2.69 2.77
yd 0.37 0.36
yl 0.37 0.36
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The first important consequence to mention is that there is no important
difference in δΓ 4F between the scalar and pseudo-scalar case at any value
of Λ, except near the threshold. This is because at lower scalar masses there
is a bigger suppresion in the pseudoscalar variation (see (18) and (19)),
making thus the scalar variation visible at lower scalar masses. Note that
always the corrections are valid below Λ, which is the effective cut-off theory,
and at Mϕ = Λ the curves in the plot fall steeply due to the logarithm
behaviour in the correction. Complementary, Fig. 4 (b) shows the change in
the branching fraction of the (pseudo)scalar to tt̄ as a function of its mass,
for the same cut-off values as before. As it is expected, the Λ cuadratic
suppresion in the (pseudo)scalar variation makes the corrections bigger for
low gravitational scales (∼ 0.1 to 1%), and suppressed for Λ & 15 TeV,
making a correction less than 0.1%. Note that the only way to distinguish the
branching fraction corrections between scalar and pseudoscalar, for any Λ,
is near the low-masses threshold.
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Fig. 4. Variation of the decay widths (a) and branching ratios (b) into tt̄ at one-loop
for the heavy scalar H and the pseudoscalar A as a function of their mass.

It is worth pointing out that although our results for SM Higgs boson
are less sensitive than the ones presented in Ref. [85] for Z boson decay, we
cannot assure the same for the 2HDM model.

6. Discussion and conclusions

We have reviewed how gravitational torsion induces an effective inter-
action between SM fermions. This new interactions affect directly particle
observables, such as their decay width. We analysed the variation induced by
the torsion-descendent four-fermion interaction, in scalar and pseudoscalar
particles in the SM and the Type II-1 2HDM.
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Concerning SM Higgs decays, we have focused on h→ bb̄ and h→ τ+τ−

decays, which are the dominant decay modes having branching ratios of
≈ 57% and ≈ 6%, respectively. We have considered the correction to the
branching ratio for these processes mediated by the effective four-fermion
interaction at one-loop level. It can be seen in Fig. 2 that the contribution
to both fermionic channels become smaller as the gravitational scale grows
up. On the other hand, δBr4F(h → bb̄) is roughly speaking an order of
magnitude bigger than δBr4F(h→ τ+τ−) for any scale energy Λ, doing this
channel more relevant from a phenomenological viewpoint. For gravitational
scales as low as Λ = 1 TeV, the corrections to the branching ratio for h→ bb̄
is ∼ 1%, meanwhile h → τ+τ− is ∼ 0.1%. Moreover, from Fig. 2 (a), one
can see that when Λ = 30 TeV, the corrections are 3.3× 10−3% for h→ bb̄
and 2.2× 10−4% for h→ τ+τ−.

However, the bb̄ signal channel may be more visible at future Higgs facto-
ries, such as the International Linear Collider (ILC) or the Compact Linear
Collider (CLIC), where the QCD background is reduced having therefore
more precision in some observables. Additionally, at both ILC and CLIC,
there are expected higher precision measurements in the Higgs sector than
at the LHC, allowing to explore more deeply into the quantitative informa-
tion of the couplings and Higgs decay width, being therefore able to measure
deviations in the Higgs decay width, eventually as low as our results.

At this point, we want to remark one more time that our results have
shown that the Higgs decay width is less sensitive than, for instance, the
Z boson decay width [85] to the kind of corrections we are studying. This is
mainly due to the higher number of degrees of freedom present in the vector
case and to the fact that the properties of the Z boson have been measured
with a high accuracy.

On the other hand, our results turn out to be more auspicious in the case
of the 2HDM, particularly if the non-standard scalars are heavy, as shown
in Fig. 4. It is even possible to distinguish between scalars and pseudo-
scalars near the threshold of the decay channel if there are additional heavy
fermions. The corrections δΓP

4FI and δΓ
S
4FI can be distinguished in the lower

mass threshold, when we have provided ys = 2.69 and yp = 2.77. However,
it is important to note that in general (arbitrary values of ys and yp) the
condition of distinguishability is

y2
p 6= y2

s

M2
φ − 2m2

f

M2
φ − 6m2

f

(
1−

4m2
f

M2
φ

)
. (23)
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