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We explore the possibility of probing the trilinear Higgs self coupling indirectly, through single
Higgs production and decay processes. The method relies on the effects that electroweak loops
featuring an anomalous trilinear coupling would imprint on single Higgs production at the LHC.
We find that the bounds on the self coupling are already competitive with those from Higgs pair
production and will be further improved in the current and next LHC runs.
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1. Introduction

This proceeding is mostly based on [1]. The interested reader can find there detailed informa-
tion on the calculations and results presented here.

The discovery of a new scalar resonance with mass around 125 GeV at the Large Hadron
Collider (LHC) opened a new era in high-energy particle physics. The study of the properties of
this particle provides strong evidence that it is the Higgs boson of the Standard Model (SM).

ATLAS and CMS performed independent [2, 3] and combined [4] studies on the Higgs cou-
plings in the so-called κ-framework [5, 6]. In the combined analysis [4] the couplings with the
vector bosons have been found to be compatible with those expected from the SM within a ∼ 10%
uncertainty, while in the case of the heaviest SM fermions the uncertainty is of order ∼ 15−20%.

The study of the trilinear (λ3) Higgs self couplings is in a completely different situation.
Information on λ3 can be directly obtained at LO only from final states featuring at least two Higgs
bosons. However, the cross sections of these processes are much smaller than those of single
Higgs production: at

√
s = 13 TeV the single Higgs gluon-gluon-fusion production cross section is

around 50 pb [7], while the double Higgs cross section is around 35 fb in the gluon-gluon-fusion
channel [8].

In [1] we explored the possibility of constraining the trilinear Higgs self coupling via pre-
cise measurements of processes featuring single Higgs production and decay at the LHC. Indeed
single Higgs production depends on λ3 via weak loops, namely at Next-to-Leading (NLO) in the
electroweak (EW) interactions. We therefore extract the λ3-dependent part from the NLO EW
corrections to all phenomenologically relevant single Higgs production cross sections and branch-
ing ratios. We obtain a distinctive pattern of deformations of the SM predictions for the rates
(σ(i) ·BR( f )), which can be compared to the experimental data.

We investigate the reach of our approach in the determination of λ3 by considering the 8 TeV
Higgs data [4] and the expected performances of the forthcoming runs of the LHC [9, 10]. We
demonstrate the potential of single Higgs production channels in setting bounds on λ3 that are
competitive and complementary to those achievable via the searches for double Higgs production.

2. λ3-dependent contributions in single Higgs processes

As basic assumption, we consider a BSM scenario where the only (or dominant) modification
of the SM Lagrangian at low energy appears in the scalar potential; we concentrate in particular on
the trilinear self-coupling of the Higgs boson. We therefore simply parametrise the effect of NP at
the weak scale via a single parameter κλ , i.e., the rescaling of the SM trilinear coupling, λ SM

3 :

VH3 = λ3 vH3 ≡ κλ λ
SM
3 vH3, λ

SM
3 =

Gµ√
2

m2
H . (2.1)

The “deformation" of the Higgs trilinear coupling induces modifications of the Higgs cou-
plings to fermions and to vector bosons at one loop. Since such loop-induced λ3-dependent contri-
butions are energy- and observable-dependent, the resulting modifications cannot be parameterised
via a rescaling of the tree-level couplings of the single Higgs production and decay processes con-
sidered. Thus, the effects cannot be correctly captured by the standard κ-framework [5, 6].
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Cσ
1 [%] ggF VBF WH ZH tt̄H

7 TeV 0.66 0.65 1.06 1.23 3.87
8 TeV 0.66 0.65 1.05 1.22 3.78
13 TeV 0.66 0.64 1.03 1.19 3.51

CΓ
1 [%] γγ ZZ WW f f̄ gg

on-shell H 0.49 0.83 0.73 0 0.66

Table 1: Values of the C1 factor in units 10−2 for the production modes for pp collisions at centre-of-mass
energies relevant for the LHC (left) and for the most relevant decay modes of the Higgs boson (right)

Denoting as Σ a generic cross section, the corrections induced by an anomalous trilinear cou-
pling modify the LO 1 prediction (ΣLO) according to

ΣNLO = ZH ΣLO (1+κλC1) , (2.2)

where the coefficient C1 depends on the process and the kinematical observable considered, while
ZH is universal. ZH originates from the wave function renormalisation constant of the external
Higgs field. In order to extend the range of convergence of the perturbative expansion to large
values of κλ , the one-loop contribution in ZH has been resummed:

ZH =
1

1−κ2
λ

δZH
, δZH =− 9

16
Gµ m2

H√
2π2

(
2π

3
√

3
−1
)
. (2.3)

In doing so, terms of O((κ2
λ

α)n) which are expected to be the dominant higher-order corrections
at large κλ are correctly accounted for, however as a consequence we need to impose κ2

λ
δZH . 1,

i.e., |κλ |. 25.
For each observable, the C1 coefficient is identified as the contribution linearly proportional to

λ SM
3 in the NLO EW corrections and normalised to the LO result as evaluated in the SM:

C1 =
∑
∫

2ℜ(M 0∗M 1
λ SM

3
)

∑
∫
|M 0|2

, (2.4)

where M denotes a generic amplitude for single Higgs production or a Higgs decay width and the
symbol ∑

∫
implicates integration over phase space, convolution with parton distribution functions,

sum/average of helicities and colour states. We refer to [1] for details on the computation of the
C1 coefficients of the various processes. The results are shown in table 1, while in Fig. 1 we plot
the corrections to the relevant production cross sections δσλ3 and decay branching ratios δBRλ3 as
functions of κλ .

3. Results

In this section we describe the method and the results of a simplified fit we have performed in
order to estimate the limits that can be set on κλ with our approach. Our analysis is based on the
experimental results presented in Tab. 8 of Ref. [4]. We also estimate the expected limits that could
be obtained at LHC Run-II at 300 fb−1 and 3000 fb−1 of luminosity.

1Here and in the following the LO contribution is understood as including QCD corrections so that the labels LO
and NLO refer to EW corrections.
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Figure 1: Left: Dependence of δσλ3 (left) and δBRλ3 (right) for the relevant production and decay pro-
cesses.

In the following we denote the measured signal strengths as µ̄
f

i . Given a collection of µ̄
f

i
measurements {µ̄ f

i }, we define as best value of κλ the one that minimises the χ2(κλ ) function
defined as

χ
2(κλ )≡ ∑

µ̄
f

i ∈{µ̄
f

i }

(µ f
i (κλ )− µ̄

f
i )

2

(∆ f
i (κλ ))2

, (3.1)

where µ
f

i (κλ ) are computed from the modified cross sections and branching ratios, and ∆
f
i (κλ ) is

the total uncertainty of µ
f

i .
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Figure 2: Left: χ2 for the different sets of observables. The two horizontal lines represent ∆χ2 = 1 and
∆χ2 = 3.84. Right: corresponding p-value. The horizontal line is p = 0.05.

As shown in Fig. 2, we identify the 1σ and 2σ intervals assuming a χ2 distribution. Following
this procedure and using the gluon-gluon-fusion and VBF data from Tab. 8 of Ref. [4] we obtain

κ
best
λ

=−0.24 , κ
1σ

λ
= [−5.6,11.2] , κ

2σ

λ
= [−9.4,17.0] , (3.2)

where the κbest
λ

is the best value and κ1σ

λ
, κ2σ

λ
are respectively the 1σ and 2σ intervals.

In order to ascertain the goodness of our fit, we computed the p-value as a function of κλ :

p−value(κλ ) = 1−F
χ2
(n)
(χ2(κλ )) , (3.3)
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Figure 3: Histograms for “CMS-HL-II” (3000 fb−1). The distributions represented are, from left to right
and from top to bottom: 1) best values, 2) 1σ region lower limit, 3) 1σ region upper limit, 4) 2σ region
lower limit, 5) 2σ region upper limit, 6) p > 0.05 region lower limit, 7) p > 0.05 region upper limit, 8) 1σ

region width, 9) 2σ region width, 10) p > 0.05 region width.

where F
χ2
(n)
(χ2(κλ )) is the cumulative distribution function for a χ2 distribution with n degrees of

freedom, computed at χ2(κλ ). In the right-hand side of Fig. 2 we report the p-value(κλ ) corre-
sponding to different data sets. Requiring that p > 0.05, we are able to exclude, at more than 2σ ,
that a model with an anomalous coupling κλ <−14.3 can explain the data.

We repeat the same procedure for ATLAS and CMS at 300 fb−1 and 3000 fb−1, using the
uncertainties reported in Tab. 1 of [10] and, as a first step, assuming that the central value of the
measurements in every channel coincides with the predictions of the SM. Within this approach,
best values are by definition: κbest

λ
= 1. For the 1σ and 2σ intervals, and for the region where the

p-value is larger than 0.05, we find that the “CMS-HL-II” (3000 fb−1) case gives

κ
1σ

λ
= [−0.7,4.2] , κ

2σ

λ
= [−2.0,6.8] , κ

p>0.05
λ

= [−4.1,9.8] . (3.4)

This simplified approach provides a first (rough) idea of the typical intervals that can be expected.
A more reliable approach consists of considering all the possible central values that could be mea-
sured. To this aim, we produce a collection of pseudo-measurements {µ̄ f

i }, where each µ̄
f

i is
randomly generated with a gaussian distribution around the SM with a standard deviation equal to
the experimental uncertainty cited in Tab. 1 of [10]. For each pseudo-experiment we perform a fit
and we determine κbest

λ
and the κ1σ

λ
, κ2σ

λ
and κ

p>0.05
λ

intervals. In Figs. 3 we report the results out
of a collection of n = 10000 pseudo-experiment. Frequency histograms together with correspond-
ing mean and median values are provided for κbest

λ
and all the extremes and widths of the κ1σ

λ
, κ2σ

λ

and κ
p>0.05
λ

intervals. From these plots it is clear that most likely the limits written in Eq. (3.4) are
pessimistic, and the LHC should be able to put even stronger bounds.

4. Conclusions

In this work we have put forward an alternative method, which relies on the effects that loops
featuring an anomalous trilinear coupling would imprint on single Higgs production channels at
the LHC. The bounds obtained are found to be competitive with the current ones obtained from
Higgs pair production.

In all cases, the determination of the Higgs self coupling via loop effects is competitive with
the direct determination and will provide complementary information.
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