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Constraints on the Higgs boson self-coupling, λHHH , exploiting measurements of the single-
Higgs boson production and decays are reported in this contribution. The Higgs boson cross
sections, the branching fractions and the Higgs boson kinematics are affected by the Higgs-boson
self coupling contribution through Next-to-Leading Order electroweak corrections. The results
are obtained using up to 80 fb−1 of LHC proton-proton collision data at

√
s = 13 TeV collected

with the ATLAS experiment, combining the data of the analyses targeting the γγ , ZZ∗, WW ∗,
ττ and bb̄ decay channels and using both inclusive and differential information. In the simpli-
fied assumption that all deviations from the SM expectation have to be interpreted as modifica-
tions of the trilinear coupling of the Higgs boson, the best fit value of κλ , defined as the ratio
κλ = λHHH/λ SM

HHH , is κλ = 4.0+4.3
−4.1, excluding at the 95% confidence level values outside the

interval −3.2 < κλ < 11.9.
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1. Introduction

The most recent constraints on the Higgs boson trilinear self-coupling, λHHH , have been
set in the context of direct searches of Higgs boson pairs at the LHC. Results are reported in
terms of the ratio of the Higgs boson self-coupling to its Standard Model (SM) expectation, i.e.
κλ = λHHH/λ SM

HHH . Using up to 36 fb−1 of Run 2 data, it is constrained by ATLAS [1] to lie in the
interval −5.0 < κλ < 12.0 at 95% CL [2].
An alternative and complementary approach to study the Higgs boson self-coupling has been pro-
posed in Refs. [3, 4, 5], exploiting the dependence of single Higgs processes on λHHH at NLO EW
via Higgs self-energy loop corrections and additional diagrams.
The results are obtained using ATLAS data corresponding to a luminosity of up to 80 fb−1 and
using single-Higgs production, combining the data of the analyses targeting the γγ , ZZ∗, WW ∗,ττ

and bb̄ decay channels.

2. Theoretical model

References [4, 5] propose a framework for a global fit to constrain the Higgs boson trilinear
coupling that scales with κλ and affects Higgs boson production cross-sections, decay rates and
kinematic distributions:

µi(κλ ,κi) =
σBSM

σSM = ZBSM
H (κλ )

[
κ

2
i +

(κλ −1)Ci
1

Ki
EW

]
,

µ f (κλ ,κ f ) =
BRBSM

f

BRSM
f

=
κ2

f +(κλ −1)C f
1

∑ j BRSM
j

[
κ2

j +(κλ −1)C j
1

] ,
where:

• µi and µ f are the production cross section σi and the BR f normalised to their SM values,
respectively;

• ZBSM
H (κλ ) is defined as: ZBSM

H (κλ ) =
1

1−(κ2
λ
−1)δZH

;

• κi and κ f represent multiplicative modifiers to other Higgs boson couplings for initial and
final states, parameterised as in the LO κ-framework;

• Ci
1 are the process-dependent corrections linearly proportional to λHHH , different for each

process and kinematic distribution;

• the differential Ci
1 coefficients for each region of the simplified template cross section (STXS)

framework, defined in Ref. [6], for the VBF, WH and ZH production modes are reported in
Ref. [7] while the inclusive Ci

1 coefficients are taken from Refs. [4, 5].

3. Results of the fit to κλ

A likelihood fit is performed in the theoretically allowed [4, 5] range -20 < κλ < 20 to con-
strain the value of the Higgs boson self-coupling κλ , setting all other Higgs boson couplings to
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their SM values. The value of -2 ln Λ(κλ ) as a function of κλ is shown in Figure 1 for the data
in (a) and the Asimov dataset [8] generated in the SM hypothesis in (b). The central value and
uncertainty of κλ are determined to be [7]:

κλ = 4.0+4.3
−4.1 = 4.0+3.7

−3.6 (stat)+1.6
−1.5 (exp)+1.3

−0.9 (sig.th.)+0.8
−0.9 (bkg. th.),

where the total uncertainty is decomposed into components for statistical uncertainties, experimen-
tal systematic uncertainties, and theory uncertainties on signal and background modelling. The
95% CL interval of κλ is -3.2 < κλ < 11.9 (observed) and -6.2 < κλ < 14.4 (expected).
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Figure 4: Profile likelihood scan, in terms of �2 ln⇤(�), performed as a function of � on data (a) and on the Asimov
dataset [32] generated under the SM hypothesis (b). The solid black line shows the profile likelihood distributions
obtained including all systematic uncertainties (“Total”). Results from a statistic only fit “Stat. only” (black dashed
line), including the experimental systematics “Stat. + Exp. Sys.” (blue solid line) , adding theory systematics related
to the signal “Stat.+ Exp. Sys.+ Sig. Th. Sys.” (red solid line) are also shown. The dotted horizontal lines show the
�2 ln⇤(�) = 1 and �2 ln⇤(�) = 4 levels that are used to define the ±1� and ±2� uncertainties on �.

Figure 5. The dominant contributions to the � sensitivity derive from the di-boson decay channels ��,
Z Z⇤, WW⇤ and from the ggF and ttH production modes.

The production mode that is most sensitive to the Higgs boson self-coupling is gluon fusion. In order to
cross-check the e�ect on the results from assuming a kinematic independent parametrization of the gluon
fusion production cross-section as a function of �, an additional fit has been performed by excluding the
STXS bins with Higgs boson transverse momentum above 120 GeV. This has been technically realized by
introducing signal strength parameters for these STXS bins and profiling them independently in the fit.
The result is a minimal change of the central value (⇠ 5%) and uncertainty on �.
In addition, the impact on the � determination of using an inclusive cross-section measurement, rather than
the di�erential cross-section information contained in the STXS bins, has been studied. An alternative fit
has been performed where the VBF, VH and ZH production modes are considered as single inclusive bins.
Compared to the use of di�erential information, the inclusive fit does not currently lead to a significant loss
in sensitivity to �. However, di�erential information should help most in the ttH production mode, where
it is currently not considered. All results are summarised in Table 6.

5.2 Results of fits to � and either V or F

Two additional fit configurations are considered in this note, in which a simultaneous fit is performed to �
and F , or to � and V . The remaining coupling modifier that is not included in the fit, V in the first case
and F in the second case, is kept fixed to the SM prediction. These fits target BSM scenarios where new
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(b)

Figure 1: Profile likelihood scan performed as a function of κλ on data (a) and on the Asimov
dataset (b). The solid black line shows the profile likelihood distributions obtained including all
systematic uncertainties (“Total"). Results from a statistic only fit “Stat. only" (black dashed line),
including the experimental systematics “Stat. + Exp. Sys." (blue solid line), adding theory system-
atics related to the signal “Stat.+ Exp. Sys.+ Sig. Th. Sys." (red solid line) are also shown [7].

The dominant contributions to the κλ sensitivity derive from the di-boson decay channels γγ ,
ZZ∗, WW ∗ and from the ggF and tt̄H production modes as shown in Figure 2.

4. Results of the fit to κλ and either κF or κV

A simultaneous fit is performed to (κλ , κF ) and (κλ , κV ), where κF and κV are the modifiers
of the Higgs boson coupling to fermions and to massive vector bosons, respectively. Figure 3 (a)
and (b) shows negative log-likelihood contours on the (κλ , κF ) and (κλ , κV ) grids obtained from
fits performed for the κV =1 or κF=1 hypothesis, respectively. These fits target beyond SM physics
scenarios where new physics could affect only the Yukawa type terms (κV = 1) of the SM or only the
couplings to vector bosons (κF= 1), in addition to the Higgs boson self-coupling (κλ ). Including
additional degrees of freedom to the fit reduces the constraining power of the measurement. An
even less constrained fit, performed by fitting simultaneously κλ , κF and κV , results in nearly no
sensitivity to κλ within the theoretically allowed range of |κλ |< 20.
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Figure 5: Profile likelihood scan, in terms of �2 ln⇤(�), performed as a function of � on Asimov datasets [32]
generated under the SM hypothesis for each Higgs boson production mode (a) and each decay channel (b). In (a) the
scan is performed parametrising all branching fractions and the selected production mode cross-section as a function
of �, while fixing the cross-section of the other production modes at the SM value, in (b) all production mode
cross-sections and decay branching fractions are expressed as a function of �, but only the categories of the selected
channel are included in the fit. The ttH multi-lepton categories are excluded from the H ! Z Z⇤, H ! WW⇤, and
H ! ⌧⌧ fits.

physics could a�ect only the Yukawa type terms (V = 1) of the SM or only the couplings to vector bosons
(F = 1), in addition to the Higgs boson self-coupling (� ) [34].

The theory parametrization used in this study in terms of cross section dependence on � and V or F
assumes partial factorization of the changes to the cross section induced by the single-Higgs coupling
modifiers V , F , and those induced by the self-coupling modifier �. While this assumption is not
justified in the presence of large deviations from the SM expectations, it also reflects the fact that NLO
EW correction are not theoretically well defined after introducing LO-motivated single-Higgs coupling
modifiers. While a more complete theoretical framework (such as an E�ective Field Theory approach) is
needed to overcome these di�culties, the results presented in this section give a rough indication of the
simultaneous sensitivity to both Higgs boson self-coupling and single Higgs boson couplings with the data
statistics currently available for the input analyses. The results are summarised in Table 6.

Figure 6 shows negative log-likelihood contours on the (�, F ) and (�, V ) grids obtained from fits
performed in the V = 1 or F = 1 hypothesis, respectively. As expected, including additional degrees of
freedom to the fit reduces the constraining power of the measurement. In particular, the sensitivity to � is
not much degraded when determining F at the same time, while it is degraded by 50% (on the expected
lower 95% C.L. exclusion limit) when determining simultaneously V and �. An even less constrained fit,
performed by either fitting simultaneously �, V and F , or fitting simultaneously � and a common single
Higgs boson coupling modifier ( = V = F ), results in nearly no sensitivity to � within the theoretically
allowed range of |� | < 20.
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Figure 2: Profile likelihood scan performed as a function of κλ on Asimov datasets for each pro-
duction mode (a) and decay channel (b) [7].
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Figure 6: Negative log-likelihood contours at 68% and 95% C.L. in the (�, F ) plane under the assumption of V = 1
(a), and in the (�, V ) plane under the assumption of F = 1 (b). The best fit value is indicated by a cross while the
SM hypothesis is indicated by a star. The plot assumes that the approximations in Refs. [8,9] are valid inside the
shown contours.

6 Conclusion

The Higgs boson self-coupling modifier � = �HHH/�SMHHH has been extracted with a global fit procedure [8,
9] applied to the combination of analyses targeting the single Higgs production modes on data collected
at
p

s = 13 TeV up to an integrated luminosity of up to 80 fb�1 [4]. In the simplified assumption that all
deviations from the SM expectation have to be interpreted as a modification of the trilinear coupling of the
Higgs boson, the best fit value of � is � = 4.0+4.3

�4.1, excluding at the 95% C.L. values outside the interval
�3.2 < � < 11.9. Additional results, including the simultaneous determination of the Higgs boson
self-coupling and single Higgs boson couplings to either fermions or bosons, have also been derived.

This analysis shows that an alternative and complementary approach to constrain the Higgs boson self-
coupling through direct double Higgs production searches is feasible. This approach can provide sensitivity
that is not far from to the more direct determination of the Higgs boson self-coupling through double
Higgs production. However, the constraints become significantly weaker in new physics scenarios where
simultaneous modifications to the single Higgs boson couplings are allowed, to the point of almost vanishing
when a single overall Higgs coupling rescaling modifier is considered. The di�erential information currently
provided by the STXS regions in the VBF, WH and ZH production modes does not help to remove such
degeneracies nor to improve the sensitivity to � significantly. Nevertheless, a dedicated optimization of
the kinematic binning, including the most sensitive ggF and ttH production modes, still needs to be fully
theoretically and experimentally explored and might improve the sensitivity in the future.
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(b)

Figure 3: 2D contours at 68% and 95% CL in the (κλ ,κF ) plane under the assumption of κV = 1
(a) and in the (κλ ,κV ) plane under the assumption of κF = 1 (b) [7].

5. Conclusion

An alternative and complementary approach to constrain the Higgs boson self-coupling through
single-Higgs processes has been applied to the combination of analyses targeting the single-Higgs
production modes on data collected with the ATLAS experiment using up to 80 fb−1 of LHC
proton-proton collisions. In the simplified assumption that all deviations from the SM expectation
have to be interpreted as modifications of the trilinear coupling of the Higgs boson, the Higgs bo-
son self-coupling modifier κλ = λHHH/λ SM

HHH , extracted with a global fit procedure, is determined
to be κλ = 4.0+4.3

−4.1, excluding at the 95% CL values outside the interval 3.2 < κλ < 11.9.
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