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1 Introduction

The Higgs boson is the only elementary scalar particle of the Standard Model (SM) and

the first such particle whose existence has been confirmed experimentally [1, 2]. Many

well-motivated extensions of the SM predict additional electrically neutral and colourless

scalar particles (elementary or not). Experimental searches to hunt for these hypothetical

new particles are thus of extreme importance. The LHC experiments have the potential to

discover new scalar resonances by using similar techniques and signatures as in the search

for the SM Higgs boson. In particular, in this context both the ATLAS an CMS experiments

have recently reported an excess in the diphoton mass spectrum at an invariant mass of

∼ 750 GeV [3, 4]. Even if it is still premature to speculate if the source of this excess is

indeed a new resonance or merely a statistical fluctuation, this excess is exemplary for the

kind of signals that may arise from the production of heavy singlet scalars in the current

run of the LHC.

While specific models with colour-neutral scalars may differ drastically in the principles

which motivate them as well as in their spectra and interactions, the computation of QCD

radiative corrections to their production cross-section could share many common features

that are independent of the underlying model. In particular, the production of hypothetical

Higgs-like scalars at the LHC may be favourable in the gluon-fusion process due to the large

value of the gluon-gluon luminosity. In this case, the model-dependence of the production

cross-section may only enter through the coupling describing the (effective) interaction of

the Higgs-like scalar with the gluons and quarks.

The purpose of this paper is to provide benchmark cross-sections for a colorless CP-

even scalar in an effective theory which is similar to the one obtained for the Higgs boson
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in the Standard Model after integrating out the top-quark. The cross-section for the scalar

can be obtained from the cross-section of the Higgs boson for a wide range of models, by

appropriately taking into account the corresponding Wilson coefficient. Our computation

is valid through N3LO in perturbative QCD and is based on recent results for the SM Higgs

boson gluon-fusion cross-section to that order [5–20]. We consider mass values for the new

scalar particle ranging from 10 GeV to 3 TeV, which is the same range as the one targeted

by the searches of ATLAS and CMS in the Run 2 of the LHC [21].

In some extensions of the Standard Model (see, for example, ref. [22] and references

therein) the new Higgs-like scalar has a non-negligible coupling to the Standard Model

top-quark. For scalar masses below the top-pair threshold the Wilson coefficient in our

effective field theory (EFT) can be made to account for a coupling of the scalar to the

top-quark. However, for scalar masses around and above threshold, the effective theory

approach is not accurate. For this purpose, we extend the effective theory by adding

a Yukawa-type interaction of the top-quark with the scalar and compute the additional

contributions generated by this coupling.

While we can correct our N3LO cross-section in the effective theory for contributions of

light Standard Model particles through NLO in QCD, it is not possible to do so in a model-

independent way for contributions from new relatively light particles with a mass smaller

than about half the mass of the scalar. The presence of such particles will invalidate our

effective-theory computation. To estimate this effect, we consider the difference between

the effective theory NLO cross-section and the exact NLO cross-section for a 750 GeV scalar

which couples to a new top-like quark, as a function of the mass of the quark. We find

that the two cross-sections can differ by more than the QCD scale uncertainty for top-like

quark masses as heavy as twice the mass of the scalar. Nevertheless, we observe that one

can still make use of the effective theory computation for such a model also for lower values

of the quark mass in order to estimate the relative size of the QCD corrections (K-factor).

This article is organised as follows. In section 2 we present the effective theory setup

of our calculation and discuss how the results can be adapted to suite a large class of

models through the Wilson coefficient. We also discuss the theoretical uncertainty that is

associated with the N3LO QCD corrections in the effective theory. In section 3, we discuss

the inclusion of finite width effects in the calculation and provide a fit of the zero-width

cross-section to enable the adaptation of our results to models where the scalar resonance

is expected to have a non-vanishing but narrow width. In section 4, we investigate the

validity of our effective theory approach under the assumption that the coupling between

the scalar and the gluons is mediated by a heavy top partner of varying mass. In section 5

we go beyond a purely effective description of the scalar interaction and allow for a non-

vanishing coupling between the Standard Model top and the scalar, for which we present

the NLO QCD corrections. We conclude in section 6 and provide appendices with tables

of cross-section values for a wide range of masses of the scalar.

2 N3LO QCD corrections in the effective theory approach

Let us consider a model where the SM is extended by a colourless singlet scalar S of mass

mS and width ΓS , which only couples to the SM in a minimal way. For now, we assume
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that the only SM fields that the new scalar S couples to are the gluons, through an effective

operator of dimension five. We will discuss Yukawa couplings to heavy quarks in section 5.

Such a model can be described by a Lagrangian of the form

Leff = LSM + LS −
1

4v
CS S G

a
µνG

µν
a , (2.1)

where LS collects the kinetic term and the potential of the scalar S. The vacuum expec-

tation value v is [23],

v =
1√√
2Gf

= 246.22 GeV,

and CS is a Wilson coefficient parametrizing the strength of the coupling of the particle S

with the gluons. Except for the value of the Wilson coefficient, this is the same dimension-

five operator as the one coupling the SM Higgs boson to the gluons, after the top-quark

has been integrated out.

Since the scalar S couples to gluons, it can be produced at hadron colliders. Its

hadronic production cross-section can be cast in the form

σS(mS ,ΓS ,ΛUV) = |CS(µ,ΛUV)|2 η(µ,mS ,ΓS) , (2.2)

where µ is the mass scale introduced by dimensional regularisation and ΛUV is the scale of

new physics, representing collectively the masses of the heavy particles in some ultraviolet

(UV) completion of the theory. At all orders in perturbation theory, the cross-section is

independent of the arbitrary scale µ, with the scale variation of the square of the Wilson

coefficient cancelling the one of the matrix-elements η. Since η does not depend on ΛUV, the

scale dependence of the Wilson coefficient itself is universal, and it does not depend on the

(renormalizable) UV completion of the effective theory. In particular, the renormalization

group evolution equation that relates the Wilson coefficient at two different scales reads [24]:

CS(µ,ΛUV)

CS(µ0,ΛUV)
=

β(µ)

β(µ0)

α(µ0)

α(µ)
, (2.3)

with β(µ) the QCD β-function. We see that, as expected, the evolution equation only

depends on the low-energy effective theory, and it is independent of the details of the UV

completion. As a consequence, if we divide the production cross-section by the value of the

Wilson coefficient at some reference scale µ0,

σS(mS ,ΓS ,ΛUV)

|CS(µ0,ΛUV)|2
=

[
β(µ)

β(µ0)

α(µ0)

α(µ)

]2

η(µ,mS ,ΓS) , (2.4)

we obtain a universal ratio that does not depend on the UV completion (up to corrections

due to differences that the various high-energy theories may induce on the width of the

scalar particle S). In particular, since the dimension-five operator in eq. (2.1) is the same

as the dimension-five operator mediating Higgs production in gluon fusion in the SM, we

can extract the right-hand side of eq. (2.4) from Higgs production in gluon-fusion,

σS(mS ,ΓS ,ΛUV) =

∣∣∣∣CS(µ0,ΛUV)

C(µ0,mt)

∣∣∣∣2 σH(mS ,ΓS ,mt) . (2.5)
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Here σH is the gluon-fusion production cross-section of a Higgs boson of mass mS and width

ΓS , in a variant of the SM with Nf = 5 massless quarks and the top-quark integrated out,

mt is the top-quark mass and C(µ0,mt) is the Wilson coefficient multiplying the SM gluon-

fusion operator evaluated at our reference scale µ0. In the MS scheme it reads [25, 26]

C(µ,mt) = −as
3

{
1 + as

11

4
+ a2

s

[
2777

288
− 19

16
log

(
m2
t

µ2

)
−Nf

(
67

96
+

1

3
log

(
m2
t

µ2

))]

+ a3
s

[
−
(

6865

31104
+

77

1728
log

(
m2
t

µ2

)
+

1

18
log2

(
m2
t

µ2

))
N2
f

+

(
23

32
log2

(
m2
t

µ2

)
− 55

54
log

(
m2
t

µ2

)
+

40291

20736
− 110779

13824
ζ3

)
Nf

− 2892659

41472
+

897943

9216
ζ3 +

209

64
log2

(
m2
t

µ2

)
− 1733

288
log

(
m2
t

µ2

)]
+O(a4

s)

}
,

(2.6)

with as = αs(µ)/π, αs being the strong coupling constant in QCD with Nf = 5 flavors.

We note at this point that eq. (2.5) is valid to all orders in perturbation theory, and so

neither σS nor σH depend on the arbitrary scales µ0 and µ. They do, however, acquire a

dependence on the scale µ once the perturbative series is truncated at some finite order.

It is of course possible to further separate µ into a factorization and a renormalization

scale, µf and µr, as it is customary, and we will assume in the following that this is done

implicitly. In addition, σS also acquires a dependence on our reference scale µ0 order by

order in perturbation theory, resulting from the truncation of the perturbative expansion

of the ratio of Wilson coefficients.

Equation (2.5) is the basic formula which allows us to predict the hadronic production

cross-section of a generic CP-even singlet scalar through gluon-fusion to high order in

perturbative QCD. Indeed, the gluon-fusion cross-section is known through N3LO in QCD

in the large-mt limit [19] (for ΓS = 0) as an expansion around the Higgs threshold, and

eq. (2.5) easily allows us to convert the result for the Higgs boson into the corresponding

N3LO cross-section for a generic CP-even scalar.

At this point we need to make a small technical comment: both the ratio of Wilson

coefficient and the Higgs production cross-section on the right-hand side of eq. (2.5) admit

a perturbative expansion up to N3LO. Multiplying these two perturbative expansions,

as suggested by eq. (2.5), introduces additional terms into the perturbative expansion

which are of N4LO accuracy or higher, thus beyond the reach and the control of our N3LO

computation. In ref. [19] it was shown that the numerical impact of these terms is captured

by the scale variation at N3LO if the central scale is chosen as µ = mS/2, and the effects

of such terms are therefore accounted for by the scale variation uncertainty assigned to our

prediction.

A second comment regards the dependence of the Standard Model Wilson coefficient

on the various scales. The SM Wilson coefficient C(µ0,mt) depends on the reference scale

µ0 and the top-quark mass mt. While the value of µ0 is arbitrary and can be chosen freely,

in practise we choose the value of µ0 to be the mass of the scalar, µ0 = mS , and we set

the value of the mass of the top quark to its physical value. In doing so, we may introduce
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large logarithms into the computation, order by order in perturbation theory. For example,

we see that at NNLO and N3LO the Wilson coefficient contains a logarithm of the form

log(mt/µ0). Similarly, the Wilson coefficient expression for the scalar CS(µ0,ΛUV) will

contain logarithms of the type log(ΛUV/µ0). In order to avoid large logarithms due to

widely disparate scales in the ratio of the two Wilson coefficients, it may be preferable to

evaluate the SM Wilson coefficient with a top-quark mass value mt ∼ ΛUV rather than its

physical value. The value of the top mass entering the SM Higgs cross-section can easily

be changed with a simple rescaling,

σH(mS ,ΓS ,ΛUV) =

∣∣∣∣C(µ0,ΛUV)

C(µ0,mt)

∣∣∣∣2 σH(mS ,ΓS ,mt) . (2.7)

Let us now discuss our predictions for the production cross-section σS . In figures 1–4

we show the effective theory cross-section σH(mS ,ΓS = 0,mt) as a function of mS through

N3LO, at a proton-proton collider with a center-of-mass energy of 13 TeV. The theory

uncertainty bands correspond to a variation of the scale µ = µr = µf in the range µ ∈
[mS/4,mS ]. The value of the top mass is set to mt(mt) = 162.7 GeV and we use the

PDF4LHC15 [27] parton distribution function (PDF) set. We observe that for the range of

scalar masses between 10 GeV and 3 TeV the N3LO scale variation band is always contained

inside the NNLO band. This is also true for the lowest values of this mass range, mS ∼ 10–

50 GeV (figure 1), where one observes especially large corrections at NLO and NNLO. For

higher masses, the scale variation is reduced. As an illustration, we show in figure 5 the

scale dependence for the cross-section of a CP-even scalar with a mass of 750 GeV.

Sources of theoretical uncertainty affecting the gluon-fusion cross-section at N3LO

other than scale variation have been considered in detail in ref. [19]. In particular, these

sources of uncertainty are due to the lack of N3LO parton densities and to the trunca-

tion of the threshold expansion for the N3LO correction. In order to estimate the uncer-

tainty on our computation, we follow faithfully the uncertainty estimation prescription of

ref. [19] with one modification: the uncertainty due to the lack of N3LO parton densities

is estimated here as the envelope of the corresponding uncertainties formed by using the

CT14 [28], NNPDF30 [29] and PDF4LHC sets, which are themselves computed according

to the prescription of ref. [19]. The reason for modifying the prescription in this case is

that the PDF4LHC set leads to very small uncertainties for scalars in the region 500–

1000 GeV and, in particular, to a vanishing uncertainty estimate for a scalar with mass

around 770 GeV. This feature is not shared with individual PDF sets. We therefore use,

conservatively, the envelope of CT14, NNPDF30 and PDF4LHC, which leads to an uncer-

tainty due to the lack of N3LO parton densities at the level of 0.9%–3% for scalars in the

range 50 GeV–TeV. This uncertainty remains of the order of a few percent also at lower

masses, but it increases rapidly to O(10%) for mS . 20 GeV.

We present the cross-section values and uncertainties for this range of scalar masses in

appendix A. In particular, in table 6 we focus on the range between 730 and 770 GeV.

3 Finite width effects and the line-shape

The results of the previous section hold formally only when the width of the scalar is set to

zero. In many beyond the Standard Model (BSM) scenarios, however, finite-width effects

– 5 –
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Figure 1. Effective theory production cross-section of a scalar particle as a function of the particle

mass mS ∈ [10, 50] GeV through increasing orders in perturbation theory, at a 13 TeV proton-proton

collider. The bands enveloping the respective orders represent the variation of the cross-section due

to variations of the scale µ ∈ [mS/4,mS ]. The value of the top mass is set to mt(mt) = 162.7 GeV.

cannot be neglected. In this section we present a way to include leading finite-width effects

into our results, in the case where the width is not too large compared to the mass.

The total cross-section for the production of a scalar boson of total width ΓS can be

obtained from the cross-section in the zero-width approximation via a convolution

σS(mS ,ΓS ,ΛUV) =

∫
dQ2QΓS(Q)

π

σS(Q,ΓS = 0,ΛUV)

(Q2 −m2
S)2 +m2

SΓ2(mS)
+O (ΓS(mS)/mS) , (3.1)

where Q is the virtuality of the scalar particle. This expression is accurate at leading order

in ΓS(mS)/mS . For large values of the width relative to the mass, subleading corrections

and signal-background interference effects are important and are not captured by eq. (3.1).

Let us also note that in order to use eq. (3.1) faithfully, one needs the width as a function

of the virtuality of the scalar, which may bear a substantial model dependence. However,

it is often the case that the width can be approximated as

ΓS(Q ≈ mS) ≡ ΓS . (3.2)

The invariant mass distribution in this approximation for the production of a CP-even

scalar with a mass of mS = 750 GeV and total width from 2 to 10% of the scalar mass

is shown in figure 6. This result has been obtained from an interpolation of the zero-

width cross-section values of table 6 in appendix A. We caution that if the results of

– 6 –
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Figure 2. Effective theory production cross-section of a scalar particle of mass mS ∈ [50, 150] GeV

through increasing orders in perturbation theory. For further details see the caption of figure 1.

appendix A are used to derive cross-section values with non-zero width effects following

the strategy outlined in this section, an additional uncertainty of the order O (ΓS/mS)

should be assigned.

In order to facilitate the computation of the line-shape we perform a parametric fit

of the production cross-section of a zero-width scalar boson as a function of its virtuality

(with ΛUV = mS) for a center-of-mass energy of 13 TeV. To guarantee agreement of the

fitted cross-section with the actual cross-section at a level better than 1%, we split the

range of interesting scalar boson mass values into three intervals:

• in the range mS ∈ [10 GeV, 150 GeV], cf. table 2 in appendix A, we find

σS(x) ≈
(
3.89881× 106 x2 − 1.90274× 106 x− 202261x log2 x+ 1623.77 log2 x

− 923052x log x+ 24108.2 log x+ 95652.2) pb , (3.3)

• in the range mS ∈ [150 GeV, 500 GeV], cf. table 3, we find

σS(x) ≈
(
1− 3
√
x
)9.52798

x−0.0415044 log x−1.50381 pb , (3.4)

• in the range mS ∈ [500 GeV, 3000 GeV], cf. tables 4–5, we find

σS(x) ≈
(
1− 3
√
x
)9.71562

x−0.0040194 log3 x−0.0474683 log2 x−0.240878 log x−1.81243 pb ,

(3.5)

– 7 –
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Figure 3. Effective theory production cross-section of a scalar particle with mass mS ∈
[150, 500] GeV through increasing orders in perturbation theory. For further details see the caption

of figure 1.

where x ≡ Q/GeV
13 TeV . The fits of eqs. (3.3)–(3.5) can be used as the kernel of the convolution

in eq. (3.1).

4 Validity of the EFT approach

So far, we have assumed that the effective theory of eq. (2.1) furnishes an accurate de-

scription of the gluon-scalar interaction. However, this assumption may be challenged if

the scalar couples to light coloured particles. To investigate this effect, we will consider

a scalar of mass mS = 750 GeV which couples to a top-like quark of mass mT . In this

scenario, we can compute the cross-section exactly through NLO in perturbative QCD. We

can then compare this prediction with the cross-section derived with the effective theory

of eq. (2.1).

The red line in figure 7 shows the percent difference of the two predictions,

δEFT =
σNLO

exact − σNLO
EFT

σNLO
exact

× 100% , (4.1)

as a function of mT for a scalar with a mass of mS = 750 GeV. While in the region

mT ∼ mS/2 the effective field theory is inadequate, for larger values of mT the EFT

description becomes accurate very quickly. Indeed, for mT ∼ 1.5mS the discrepancy with

– 8 –
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Figure 4. Effective theory production cross-section of a scalar particle as a function of the particle

mass mS ∈ [500, 3000] GeV through increasing orders in perturbation theory. For further details

see the caption of figure 1.

respect to the exact result is already below the theoretical uncertainty of QCD origin (of

about 5%).

Let us now define a rescaled effective theory cross-section,

σNLO
rEFT =

σLO
exact

σLO
EFT

σNLO
EFT . (4.2)

The green line of figure 7 shows the relative difference

δrEFT = 100×
σNLO

exact − σNLO
rEFT

σNLO
exact

(4.3)

between the rescaled effective theory prediction for the cross-section and the exact NLO

cross-section. We notice that the rescaled effective theory cross-section reproduces the

exact cross-section very well (as it has also been the case for the Standard Model Higgs

boson [30, 31]).

We conclude that, while for the study of scalars which couple to relatively light particles

one should resort to a calculation within a specific model, also in such situations the

effective theory computation can be utilised as a means to compute with a good accuracy

the corresponding QCD K-factor with respect to the exact LO cross-section.

– 9 –
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Figure 5. Effective theory production cross-section of a scalar particle with a mass mS = 750 GeV

as a function of the common renormalization and factorization scales µ through increasing orders

in perturbation theory.

5 Top-quark contributions

So far we have considered the case where the interaction between the heavy scalar S and

the Standard Model is mediated exclusively by the dimension-five operator in eq. (2.1).

In many extensions of the Standard Model new scalars may also couple directly to the

quarks of the third generation as well as the W and Z bosons. However, the absence of

resonances in top-pair production and four-lepton production suggests that these couplings

should be small. It may be nonetheless useful to estimate the contribution to the inclusive

S-scalar cross-section due to the heavy SM quarks and gauge bosons for the purpose of

setting precise experimental constraints on their couplings to S. In this section, we study

the effects due to the top quark, which in many scenarios are expected to give the most

important contribution.

For light scalar masses, mS < O(mt), contributions due to the coupling of the top

quark can be simply taken into account through N3LO in perturbative QCD by using an

appropriate Wilson coefficient CS . For heavier scalars with masses around and above the

top-pair threshold, however, it is not justified theoretically to integrate out the top-quark.

For this reason we study in the following the effect of modifying the Largangian in eq. (2.1)

by including a direct Yukawa interaction between the scalar S and the top quark, i.e., we

consider the Lagrangian

Leff = LSM + LS −
λwc

4v
C S GaµνG

µν
a − λt

mt

v
S t̄t , (5.1)

– 10 –
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Figure 6. Line-shape of a 750 GeV CP-even scalar boson at the LHC for different values of its

total width.

where λt is the ratio of the Yukawa coupling of the scalar S and the Yukawa coupling of

the Higgs boson to the top quark and λwc = CS
C denotes the ratio of the Wilson coefficients

in this theory and the SM with the top-quark integrated out.

The production cross-section now depends on the values of λwc and λt:

σS ≡ σS [λwc, λt] . (5.2)

It does not take too much effort to show that the NLO cross-section can be cast in the form

σNLO
S [λwc, λt] = λwc(λwc−λt)σNLO

S [1, 0] +λt(λt−λwc)σ
NLO
S [0, 1] +λwcλt σ

NLO
S [1, 1] . (5.3)

The cross-section components of eq. (5.3) are shown in figure 8 as a function of the scalar

mass. The cross-section with no Yukawa coupling, σNLO
S [1, 0], is known through N3LO.

Hence, we can improve the previous expression by including all N3LO corrections to the

terms proportional to λ2
wc,

σS [λwc, λt] = λ2
wcσ

N3LO
S [1, 0]− λwcλtσ

NLO
S [1, 0] + λt(λt − λwc)σ

NLO
S [0, 1] + λwcλt σ

NLO
S [1, 1] .

(5.4)

Although we have taken into account QCD corrections within the EFT framework through

N3LO, the result for the cross-section is formally only NLO-accurate because we are missing

finite-mass effects beyond NLO. We therefore estimate the uncertainties on the NLO cross-

section as

δσNLO[n1, n2]

σNLO[n1, n2]
= ±δ>NLO (1 + δscheme[n1, n2]) , ni ∈ {0, 1} , (5.5)
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Figure 7. Percent difference (4.3) between the exact and rescaled EFT (rEFT) cross-section at

NLO (red line/green line) as a function of the quark mass for the production of a 750 GeV CP-even

scalar. The vertical line corresponds to mS/2.

where

δ>NLO =

(
σN3LO[1, 0]− σNLO[1, 0]

σNLO[1, 0]

)
EFT

(5.6)

is the relative change of the gluon-fusion cross-section in the effective theory from NLO to

N3LO. Note that in this way make the assumption that the cross-section components that

are not known beyond NLO will not have a worse perturbative convergence than in the

effective theory. Finally, we enlarge this uncertainty further by

δscheme[n1, n2] =

∣∣∣σNLO,MS
exact [n1, n2]− σNLO,OS

exact [n1, n2]
∣∣∣

σNLO,MS
exact [n1, n2]

, (5.7)

which measures the scheme dependence of the top-quark contribution at NLO.

Equation (5.4) is our best prediction for the gluon-fusion production cross-section of a

generic scalar S. We recall that the values of σN3LO
S [1, 0] as a function of the scalar boson

mass can be read off from tables 2–5 in appendix A. The NLO cross-sections σNLO
S [n1, n2]

(n1, n2 ∈ {0, 1}) are reported in tables 7–14. As an illustration, we present the complete

set of terms entering in eq. (5.4) for a scalar of mass mS = 750 GeV in table 1.

The following fits are a good approximation to the central values of the cross-sections

introduced in this section. The fits are functions of x = mS/GeV
13 TeV valid for a center-of-mass

energy of 13 TeV and PDF4LHC15 parton distribution functions.
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σS
NLO[1,1]

σS
NLO[1,0]

σS
NLO[0,1]

10-4

0.01

1

100

σ
(p
b)

500 1000 1500 2000 2500 3000
10

15

20

25

mS(GeV)

δ
σ
/σ
10
0%

Figure 8. NLO contributions to the total cross-section for a scalar particle of mass mS as described

in eqs. (5.3), (5.4). The bands correspond to the theory uncertainty (based on eq. (5.5)). In the

lower pane we present the relative theory uncertainty (%) for each of the contributions.

• In the range mS ∈ [50 GeV, 150 GeV], we find

σNLO
S [1, 1]/pb = −4.79097× 109x2 − 454.08

x2
− 48.2912 log x

x2
+ 1.4105× 109x

− 1.22684× 106

x
+ 1.79376× 107 log2 x+ 1.11478× 109x log x

+ 1.59613× 108 log x− 168047 log x

x
+ 4.39955× 108 ,

(5.8)

σNLO
S [1, 0]/pb = 2.71176× 109x2 +

302.023

x2
+

32.2322 log x

x2
− 8.07812× 108x

+
787193

x
− 1.11305× 107 log2 x− 6.62451× 108x log x

− 9.8134× 107 log x+
108365 log x

x
− 2.68924× 108 ,

(5.9)
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√
s Component value[fb] δ(theory) [%] δ(pdf+αS) [%]

7 TeV

σN3LO
S [1, 0] 69.72 +2.0

−4.2 7.0

σNLO
S [1, 0] 55.59 19.52 6.95

σNLO
S [0, 1] 61.71 22.69 6.94

σNLO
S [1, 1] 152.6 22.1 6.92

8 TeV

σN3LO
S [1, 0] 111.4 +1.9

−4.0 6.1

σNLO
S [1, 0] 89.37 19.18 6.23

σNLO
S [0, 1] 98.92 22.3 6.22

σNLO
S [1, 1] 245.3 21.71 6.2

13 TeV

σN3LO
S [1, 0] 496.9 +2.0

−3.7 4.0

σNLO
S [1, 0] 404.6 18.3 4.5

σNLO
S [0, 1] 442.7 21.3 4.4

σNLO
S [1, 1] 1108 20.7 4.4

14 TeV

σN3LO
S [1, 0] 609.7 +1.9

−3.7 3.8

σNLO
S [1, 0] 497.3 18.21 4.26

σNLO
S [0, 1] 543. 21.14 4.2

σNLO
S [1, 1] 1361 20.57 4.21

Table 1. Contributions to the cross-section (5.4) for the production of a CP-even scalar with mass

750 GeV at a proton-proton collider.

σNLO
S [0, 1]/pb = 910970− 3.05552× 107x2 + 7.62007× 106x− 544.886

x

+ 26407.1 log2 x+ 3.86595× 106x log x+ 290640 log x

− 58.3182 log x

x
.

(5.10)

• In the range mS ∈ [150 GeV, 350 GeV], we find

σNLO
S [1, 1]/pb = 5.78391× 1011x3 − 6.04905× 1012x3 log x− 3.97065× 1012x2

− 1.60239× 1012x2 log x− 2.28312× 1011x− 7.35167× 106

x

+ 1.05353× 108 log2 x− 4.9669× 1010x log x

+ 6.11874× 108 log x− 865250 log x

x
+ 5.46682× 108 ,

(5.11)
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σNLO
S [1, 0]/pb = −1.18403× 1010x3 + 8.55496× 1010x3 log x+ 5.7597× 1010x2

+ 2.3659× 1010x2 log x+ 3.48892× 109x+
121488.

x

− 1.66608× 106 log2 x+ 7.67582× 108x log x

− 9.42982× 106 log x+
14369.3 log x

x
− 7.62306× 106 ,

(5.12)

σNLO
S [0, 1]/pb = 3.58507× 1011x3 − 3.67114× 1012x3 log x− 2.41271× 1012x2

− 9.74512× 1011x2 log x− 1.3909× 1011x− 4.49756× 106

x

+ 6.4297× 107 log2 x− 3.02763× 1010x log x

+ 3.72922× 108 log x− 529486 log x

x
+ 3.31551× 108 .

(5.13)

• In the range mS ∈ [350 GeV, 500 GeV], we find

σNLO
S [1, 1]/pb = −1.55048× 1010x2 +

20602.3

x2
+ 4.12759× 1010x2 log x

+ 3.27683× 1010x+
3.90175× 106

x
− 1.00487× 108 log2 x

− 1.21312× 106 log2 x

x
+ 1.28157× 1010x log x

− 1.37351× 108 log x− 6.26022× 106 log x

x
+ 8.75837× 108 ,

(5.14)

σNLO
S [1, 0]/pb = −1.74667× 109x2 +

2345.03

x2
+ 4.57918× 109x2 log x

+ 3.64833× 109x+
450670

x
− 1.12934× 107 log2 x

− 137023 log2 x

x
+ 1.43013× 109x log x− 1.53273× 107 log x

− 704422 log x

x
+ 9.83324× 107 ,

(5.15)

σNLO
S [0, 1]/pb = 1.59986× 109x2 − 2171.87

x2
− 4.2072× 109x2 log x

− 3.34991× 109x− 417719

x
+ 1.03789× 107 log2 x

+
126226 log2 x

x
− 1.3131× 109x log x+ 1.40646× 107 log x

+
647893 log x

x
− 9.03229× 107 .

(5.16)
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• In the range mS ∈ [500 GeV, 1000 GeV], we find

σNLO
S [1, 1]/pb = 1.0459× 108x2 +

478.474

x2
− 7.72699× 107x2 log x

− 8.14486× 107x− 2.50557× 106

x
− 95661.5 log2 x

− 71863.4 log2 x

x
− 7.67177× 107x log x

− 1.27372× 107 log x− 802665 log x

x
− 3.08306× 107 ,

(5.17)

σNLO
S [1, 0]/pb = 1.76181× 107x2 +

81.1265

x2
− 1.3039× 107x2 log x

− 1.37328× 107x− 421944

x
− 16421.7 log2 x

− 12116.3 log2 x

x
− 1.29224× 107x log x

− 2.14537× 106 log x− 135235 log x

x
− 5.19164× 106 ,

(5.18)

σNLO
S [0, 1]/pb = 2.43245× 107x2 +

110.92

x2
− 1.78774× 107x2 log x

− 1.88708× 107x− 585093

x
− 22465.3 log2 x

− 16766.8 log2 x

x
− 1.78573× 107x log x

− 2.97483× 106 log x− 187382 log x

x
− 7.19613× 106 .

(5.19)

• In the range mS ∈ [1000 GeV, 3000 GeV], we find

σNLO
S [1, 1]/fb = x−0.407849 log3 x−0.841896 log2 x+77.9612x log x+14.6265 log x+49.7825

×
(
1− 3
√
x
)−1.74158

,
(5.20)

σNLO
S [1, 0]/fb = x−0.0682707 log3 x−0.812125 log2 x−2.68171x log x−3.91644 log x−10.0547

×
(
1− 3
√
x
)7.95188

,
(5.21)

σNLO
S [0, 1]/fb = x−2.40603x+0.812624 log2 x+18.7175x log x+6.90869 log x+12.7991

×
(
1− 3
√
x
)8.05859

.
(5.22)

6 Conclusion

In this paper we have presented the most precise predictions for the production of a CP-

even scalar produced in gluon fusion at the LHC. We assume that the coupling of the scalar

to the gluons can be described in an effective field theory approach. This enables us to

provide precision QCD corrections at N3LO to the production cross-section at the LHC.
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We find that for a scalar with a mass of 750 GeV the N3LO corrections yield a theoretical

uncertainty of ∼ 2% when we choose the central renormalization and factorization scales

to be mS/2 and follow the prescriptions layed out in ref. [19].

If we assume that the effective theory Wilson coefficient coupling of the CP-even scalar

and the gluons is generated by a heavy top-partner, we can estimate the validity of the

effective description as a function of the heavy fermion mass. We find that in the threshold

region, when the mass of the top-partner is about half the mass of the scalar, the corrections

can be as large as ∼ 60%. However, from direct searches the low mass ranges for top-

partners are tightly constrained, so that at least for the discussion of a 750 GeV scalar

this configuration is unlikely. For heavier fermion masses the effective theory description

performs very well and is already accurate at ∼ 5% when then fermion mass is about 1.5

times the scalar mass.

Additionally, we have considered the case that the new scalar couples directly to the SM

top quark. In this case we need to take into account the top corrections to the cross-section,

which are unfortunately only available through NLO in QCD, and they thus come with

uncertainties of up to ∼ 20%. We incorporate the top corrections to the scalar production

cross-section as a function of the Yukawa coupling of the top quark to the scalar, allowing

for a model-dependent choice of the parameters.

In summary, we have provided the ingredients to endow predictions for the production

of a CP-even scalar at the LHC with the most precise QCD corrections available. The

only assumptions that have been made in the calculation are that the scalar couples to

the gluons through an effective theory like operator. By determining the Wilson coefficient

for the scalar coupling to the gluons as well as the Yukawa coupling to the top within a

concrete model, it is now possible, using the numbers provided here, to easily incorporate

QCD corrections through N3LO into the cross-section predictions for the LHC. While the

results presented in this article concern strictly the production of a CP-even scalar, we can

use the same techniques to compute the cross-section for resonance production of different

CP/spin types which may be phenomenologically relevant (see, for example, ref. [32]). This

will be the subject of future works.
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A Reference tables for the production cross-section of a CP-even scalar

through top-quark loops

Here we report the values of the N3LO production cross-section σH(mS ,ΓS = 0,mt) for a

scalar of mass mS ∈ [10 GeV, 3 TeV] at the 13 TeV LHC, in an effective theory where the top
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quark has been integrated out. The MS-mass of the top quark is chosen to be 162.7 GeV. We

also show the two components that enter this result (cf. eq. (5.4), with σS → σH, ΛUV → mt,

CS(µ,ΛUV)→ C(µ0,mt)), i.e. the squared SM Wilson coefficient |C(µ0 = mS/2,mt)|2 and

the matrix-element η. The theory error is computed from the variation of the common

renormalization and factorization scale µ in the range [mS/4,mS ]. To it we add linearly

the uncertainty from missing N3LO PDFs, evaluated following the method of section 2, and

from the truncation of the threshold expansion. We refer to ref. [19] for an explanation of

how the latter is computed. We use the PDF set PDF4LHC14 [27] and derive the combined

PDF+αs error following the indications of the PDF4LHC working group.
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mS [GeV] C2(µ2
0)× 10−5 σ [pb] δ(theory) [%] δ(αS + PDF) [%]

10 4.646 1899.6 +17.8
−21.3 ±12.2

15 3.806 1202.7 +11.6
−15. ±6.7

20 3.348 845.8 +8.8
−11.8 ±5.4

25 3.05 632.2 +7.1
−10. ±4.9

30 2.836 492.3 +6.1
−8.8 ±4.6

35 2.673 394.9 +5.5
−7.8 ±4.3

40 2.543 324. +4.8
−7.3 ±4.2

45 2.436 270.6 +4.3
−6.7 ±4.

50 2.347 229.4 +3.7
−6. ±4.

55 2.27 196.8 +3.5
−5.7 ±3.8

60 2.203 170.6 +3.2
−5.4 ±3.7

65 2.144 149.2 +3.1
−5.2 ±3.7

70 2.092 131.5 +2.8
−4.9 ±3.6

75 2.045 116.6 +2.6
−4.7 ±3.6

80 2.002 104.1 +2.5
−4.7 ±3.5

85 1.964 93.4 +2.4
−4.5 ±3.5

90 1.928 84.2 +2.3
−4.3 ±3.4

95 1.896 76.3 +2.2
−4.1 ±3.4

100 1.865 69.3 +2.
−4. ±3.4

105 1.837 63.2 +2.
−3.9 ±3.3

110 1.811 57.9 +1.9
−3.9 ±3.3

115 1.787 53.1 +1.8
−3.8 ±3.3

120 1.764 48.9 +1.8
−3.7 ±3.2

125 1.742 45.2 +1.7
−3.7 ±3.2

130 1.722 41.8 +1.7
−3.6 ±3.2

135 1.702 38.8 +1.6
−3.5 ±3.2

140 1.684 36. +1.6
−3.5 ±3.2

145 1.667 33.5 +1.5
−3.5 ±3.2

150 1.65 31.3 +1.5
−3.4 ±3.1

Table 2. Production cross-section for a scalar particle with a mass in the range 10 GeV to 150 GeV.
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mS [GeV] C2(µ2
0)× 10−5 σ [pb] δ(theory) [%] δ(αS + PDF) [%]

150 1.65 31.29 +1.5
−3.4 ±3.1

160 1.619 27.37 +1.5
−3.3 ±3.1

170 1.591 24.09 +1.4
−3.2 ±3.1

180 1.565 21.32 +1.3
−3.2 ±3.1

190 1.542 18.96 +1.3
−3.1 ±3.

200 1.519 16.94 +1.3
−3.2 ±3.

210 1.499 15.2 +1.4
−3.2 ±3.

220 1.48 13.69 +1.4
−3.2 ±3.

230 1.461 12.37 +1.4
−3.2 ±3.

240 1.445 11.22 +1.4
−3.2 ±3.

250 1.428 10.2 +1.4
−3.2 ±3.

260 1.413 9.3 +1.4
−3.2 ±3.

270 1.399 8.51 +1.4
−3.2 ±3.

280 1.385 7.8 +1.4
−3.2 ±3.

290 1.372 7.16 +1.5
−3.2 ±3.

300 1.36 6.59 +1.5
−3.2 ±3.

310 1.348 6.08 +1.5
−3.3 ±3.

320 1.337 5.62 +1.5
−3.2 ±3.

330 1.326 5.2 +1.5
−3.3 ±3.

340 1.316 4.82 +1.5
−3.3 ±3.

350 1.306 4.48 +1.5
−3.3 ±3.

360 1.297 4.16 +1.5
−3.3 ±3.

370 1.287 3.88 +1.6
−3.3 ±3.

380 1.279 3.62 +1.6
−3.3 ±3.

390 1.27 3.38 +1.6
−3.3 ±3.1

400 1.262 3.16 +1.6
−3.3 ±3.1

410 1.254 2.96 +1.6
−3.4 ±3.1

420 1.246 2.77 +1.6
−3.4 ±3.1

430 1.239 2.6 +1.6
−3.4 ±3.1

440 1.232 2.44 +1.7
−3.4 ±3.1

450 1.225 2.3 +1.6
−3.4 ±3.1

460 1.218 2.16 +1.7
−3.4 ±3.2

470 1.211 2.03 +1.7
−3.4 ±3.2

480 1.205 1.92 +1.7
−3.4 ±3.2

490 1.199 1.81 +1.7
−3.4 ±3.2

500 1.193 1.71 +1.7
−3.5 ±3.3

Table 3. Production cross-section for a scalar particle with a mass in the range 150 GeV to 500 GeV.
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mS [GeV] C2(µ2
0)× 10−5 σ [fb] δ(theory) [%] δ(αS + PDF) [%]

500 1.193 1708.9 +1.7
−3.5 ±3.3

550 1.165 1297.2 +1.8
−3.5 ±3.4

600 1.141 1001. +1.8
−3.6 ±3.5

650 1.119 783.4 +1.9
−3.6 ±3.7

700 1.099 620.6 +1.9
−3.7 ±3.8

750 1.081 496.9 +2.
−3.7 ±4.

800 1.065 401.5 +2.
−3.8 ±4.2

850 1.05 327.1 +2.1
−3.8 ±4.4

900 1.036 268.5 +2.1
−3.8 ±4.6

950 1.023 221.9 +2.2
−3.9 ±4.8

1000 1.011 184.5 +2.2
−4. ±5.

1050 1. 154.2 +2.2
−4. ±5.2

1100 0.989 129.5 +2.3
−4. ±5.4

1150 0.979 109.3 +2.3
−4.1 ±5.6

1200 0.97 92.6 +2.3
−4.1 ±5.9

1250 0.961 78.8 +2.3
−4.1 ±6.1

1300 0.953 67.3 +2.4
−4.2 ±6.3

1350 0.945 57.6 +2.3
−4.2 ±6.6

1400 0.937 49.5 +2.4
−4.2 ±6.8

1450 0.93 42.7 +2.4
−4.2 ±7.

1500 0.923 36.9 +2.4
−4.3 ±7.3

1550 0.917 31.9 +2.5
−4.3 ±7.6

1600 0.91 27.7 +2.5
−4.3 ±7.8

1650 0.904 24.1 +2.5
−4.4 ±8.1

1700 0.898 21. +2.5
−4.5 ±8.5

Table 4. Production cross-section for a scalar particle with a mass in the range 500 GeV to

1700 GeV.
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mS [GeV] C2(µ2
0)× 10−5 σ [fb] δ(theory) [%] δ(αS + PDF) [%]

1750 0.893 18.38 +3.2
−4.4 ±8.7

1800 0.887 16.09 +2.5
−4.4 ±8.9

1850 0.882 14.11 +2.6
−4.4 ±9.1

1900 0.877 12.39 +2.5
−4.4 ±9.4

1950 0.872 10.9 +2.6
−4.5 ±9.7

2000 0.868 9.6 +2.6
−4.5 ±9.7

2050 0.863 8.47 +2.5
−4.5 ±10.

2100 0.859 7.48 +2.6
−4.5 ±10.5

2150 0.855 6.62 +2.6
−4.5 ±10.8

2200 0.85 5.86 +2.7
−4.6 ±11.2

2250 0.846 5.19 +2.6
−4.6 ±11.8

2300 0.843 4.61 +2.6
−4.5 ±12.

2350 0.839 4.09 +2.6
−4.5 ±12.1

2400 0.835 3.64 +2.6
−4.5 ±12.4

2450 0.832 3.24 +2.5
−4.5 ±12.7

2500 0.828 2.89 +2.6
−4.5 ±13.1

2550 0.825 2.57 +2.5
−4.5 ±13.4

2600 0.821 2.3 +2.5
−4.5 ±13.7

2650 0.818 2.05 +2.6
−4.6 ±14.1

2700 0.815 1.83 +2.7
−4.7 ±14.5

2750 0.812 1.64 +2.8
−4.8 ±14.8

2800 0.809 1.46 +2.9
−4.9 ±15.2

2850 0.806 1.31 +3.
−5. ±15.6

2900 0.803 1.17 +3.1
−5.2 ±15.9

2950 0.8 1.05 +3.2
−5.3 ±16.3

3000 0.798 0.94 +3.4
−5.5 ±16.7

Table 5. Production cross-section for a scalar particle with a mass in the range 1750 GeV to

3000 GeV.
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mS [GeV] C2(µ2
0)× 10−5 σ [fb] δ(theory) [%] δ(αS + PDF) [%]

730 1.088 542.4 +2.
−3.7 ±3.9

731 1.088 540. +2.
−3.7 ±3.9

732 1.087 537.7 +2.
−3.7 ±3.9

733 1.087 535.3 +2.
−3.7 ±4.

734 1.087 532.9 +2.
−3.7 ±4.

735 1.086 530.6 +2.
−3.7 ±4.

736 1.086 528.3 +2.
−3.7 ±4.

737 1.086 525.9 +2.
−3.7 ±4.

738 1.085 523.6 +2.
−3.7 ±4.

739 1.085 521.3 +2.
−3.7 ±4.

740 1.085 519. +2.
−3.7 ±4.

741 1.084 516.8 +2.
−3.7 ±4.

742 1.084 514.5 +2.
−3.7 ±4.

743 1.083 512.3 +2.
−3.7 ±4.

744 1.083 510. +2.
−3.7 ±4.

745 1.083 507.8 +2.
−3.7 ±4.

746 1.082 505.6 +2.
−3.7 ±4.

747 1.082 503.4 +2.
−3.7 ±4.

748 1.082 501.2 +2.
−3.7 ±4.

749 1.081 499. +2.
−3.7 ±4.

750 1.081 496.9 +2.
−3.7 ±4.

751 1.081 494.7 +2.
−3.7 ±4.

752 1.08 492.6 +2.
−3.7 ±4.

753 1.08 490.4 +2.
−3.7 ±4.

754 1.08 488.3 +2.
−3.7 ±4.

755 1.079 486.2 +2.
−3.7 ±4.

756 1.079 484.1 +2.
−3.7 ±4.

757 1.079 482. +2.
−3.7 ±4.

758 1.078 479.9 +2.
−3.7 ±4.

759 1.078 477.8 +2.
−3.7 ±4.

760 1.078 475.8 +2.
−3.7 ±4.

761 1.077 473.7 +2.
−3.7 ±4.

762 1.077 471.7 +2.
−3.7 ±4.

763 1.077 469.7 +2.
−3.7 ±4.

764 1.076 467.7 +2.
−3.7 ±4.

765 1.076 465.7 +2.
−3.7 ±4.

766 1.076 463.7 +2.
−3.7 ±4.

767 1.075 461.7 +2.
−3.7 ±4.

768 1.075 459.7 +2.
−3.7 ±4.

769 1.075 457.7 +2.
−3.7 ±4.

770 1.074 455.8 +2.
−3.7 ±4.

Table 6. Production cross-section for a scalar particle with a mass in the range 730 GeV to 770 GeV.
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50 687.1 34.22 4.24 171.4 34.22 4.25 172.3 34.24 4.25

55 593.9 32.97 4.12 148.1 32.96 4.12 149. 32.98 4.12

60 518.3 31.93 4.02 129. 31.92 4.02 130.2 31.94 4.02

65 455.9 31.03 3.92 113.4 31.02 3.93 114.6 31.04 3.93

70 404. 30.23 3.84 100.4 30.22 3.84 101.7 30.25 3.85

75 360.2 29.55 3.77 89.42 29.54 3.76 90.8 29.57 3.77

80 323.1 28.91 3.71 80.07 28.9 3.71 81.56 28.93 3.71

85 291.3 28.35 3.65 72.06 28.34 3.65 73.63 28.37 3.65

90 263.8 27.84 3.6 65.15 27.83 3.6 66.8 27.86 3.6

95 239.9 27.38 3.55 59.15 27.37 3.55 60.85 27.4 3.55

100 219. 26.96 3.51 53.9 26.96 3.51 55.66 26.98 3.51

105 200.6 26.58 3.47 49.3 26.57 3.47 51.09 26.59 3.47

110 184.4 26.22 3.43 45.22 26.21 3.43 47.06 26.23 3.43

115 170. 25.88 3.4 41.59 25.87 3.4 43.49 25.89 3.4

120 157.2 25.57 3.37 38.35 25.56 3.37 40.3 25.57 3.37

125 145.7 25.28 3.34 35.45 25.27 3.34 37.45 25.29 3.34

130 135.4 25.01 3.31 32.86 25.01 3.32 34.89 25.02 3.31

135 126.1 24.76 3.29 30.51 24.75 3.29 32.59 24.76 3.29

140 117.7 24.51 3.28 28.41 24.51 3.28 30.51 24.52 3.27

145 110.1 24.29 3.25 26.49 24.29 3.25 28.62 24.29 3.25

150 103.1 24.07 3.23 24.74 24.07 3.23 26.91 24.07 3.23

160 91.08 23.7 3.2 21.69 23.7 3.21 23.92 23.71 3.2

170 80.94 23.36 3.17 19.12 23.34 3.18 21.42 23.38 3.17

180 72.39 23.06 3.15 16.96 23.03 3.15 19.32 23.09 3.15

190 65.1 22.78 3.13 15.11 22.74 3.13 17.53 22.83 3.13

200 58.86 22.54 3.12 13.52 22.48 3.12 16. 22.6 3.11

210 53.49 22.31 3.11 12.15 22.23 3.11 14.69 22.39 3.1

220 48.83 22.11 3.1 10.95 22.01 3.11 13.57 22.21 3.1

230 44.79 21.93 3.1 9.911 21.81 3.1 12.6 22.05 3.09

240 41.27 21.77 3.1 8.996 21.61 3.1 11.77 21.92 3.09

250 38.2 21.63 3.1 8.189 21.43 3.1 11.05 21.8 3.09

260 35.51 21.51 3.1 7.475 21.27 3.11 10.44 21.71 3.09

270 33.17 21.4 3.11 6.84 21.11 3.11 9.919 21.65 3.1

280 31.13 21.32 3.11 6.274 20.97 3.12 9.49 21.61 3.11

290 29.38 21.26 3.12 5.767 20.83 3.13 9.148 21.61 3.11

300 27.89 21.23 3.13 5.312 20.7 3.14 8.895 21.64 3.12

310 26.68 21.24 3.14 4.903 20.58 3.15 8.742 21.74 3.13

320 25.74 21.3 3.15 4.533 20.46 3.17 8.704 21.89 3.14

330 25.59 21.75 3.17 4.199 20.35 3.19 9.09 22.67 3.16

340 25.87 22.23 3.19 3.895 20.25 3.21 9.742 23.45 3.19

350 25.37 21.6 3.22 3.62 20.15 3.23 9.915 22.53 3.21

360 24.37 20.96 3.24 3.368 20.06 3.25 9.775 21.64 3.23

370 23.1 20.47 3.26 3.139 19.97 3.27 9.437 20.99 3.26

380 21.67 20.06 3.28 2.929 19.88 3.3 8.98 20.47 3.28

390 20.19 19.88 3.31 2.736 19.8 3.32 8.457 20.05 3.3

Table 7. NLO contributions to the production cross-section for a scalar particle, as they are defined

in eq. (5.4). The theory uncertainty is computed as in eq. (5.5).
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400 18.71 20.03 3.33 2.559 19.73 3.35 7.905 19.76 3.33

410 17.28 20.14 3.35 2.397 19.65 3.37 7.347 19.92 3.35

420 15.91 20.24 3.38 2.247 19.58 3.4 6.8 20.06 3.37

430 14.61 20.31 3.4 2.109 19.51 3.43 6.275 20.17 3.4

440 13.41 20.38 3.43 1.981 19.45 3.45 5.776 20.27 3.42

450 12.29 20.43 3.46 1.863 19.39 3.48 5.308 20.35 3.45

460 11.26 20.48 3.48 1.754 19.33 3.51 4.872 20.42 3.48

470 10.31 20.52 3.51 1.652 19.27 3.54 4.467 20.48 3.5

480 9.442 20.56 3.54 1.558 19.22 3.57 4.094 20.54 3.53

490 8.647 20.59 3.57 1.47 19.17 3.6 3.751 20.59 3.56

500 7.921 20.61 3.6 1.388 19.11 3.63 3.436 20.64 3.59

510 7.258 20.64 3.62 1.312 19.07 3.66 3.147 20.68 3.62

520 6.654 20.66 3.65 1.241 19.02 3.69 2.883 20.72 3.65

530 6.104 20.68 3.68 1.175 18.98 3.72 2.642 20.75 3.68

540 5.602 20.69 3.72 1.113 18.93 3.75 2.422 20.79 3.71

550 5.145 20.7 3.75 1.055 18.89 3.78 2.221 20.82 3.74

560 4.729 20.71 3.78 1. 18.85 3.82 2.037 20.85 3.77

570 4.349 20.73 3.81 0.9494 18.82 3.85 1.87 20.88 3.8

580 4.003 20.73 3.84 0.9016 18.78 3.88 1.717 20.9 3.83

590 3.687 20.74 3.87 0.8567 18.74 3.91 1.578 20.93 3.86

600 3.399 20.74 3.9 0.8145 18.7 3.95 1.451 20.95 3.9

610 3.136 20.75 3.94 0.7748 18.67 3.98 1.335 20.98 3.93

620 2.896 20.75 3.97 0.7374 18.64 4.01 1.228 21. 3.96

630 2.677 20.74 4. 0.7022 18.61 4.04 1.131 21.02 3.99

640 2.476 20.75 4.04 0.669 18.58 4.08 1.043 21.04 4.03

650 2.292 20.74 4.07 0.6377 18.54 4.11 0.9616 21.05 4.06

660 2.123 20.74 4.1 0.6082 18.52 4.14 0.8873 21.08 4.09

670 1.969 20.74 4.14 0.5803 18.49 4.18 0.8193 21.1 4.13

680 1.827 20.73 4.17 0.5539 18.47 4.21 0.757 21.12 4.16

690 1.697 20.73 4.2 0.5289 18.44 4.25 0.6998 21.14 4.19

700 1.577 20.72 4.24 0.5053 18.42 4.28 0.6474 21.16 4.23

710 1.467 20.72 4.27 0.483 18.39 4.31 0.5993 21.18 4.26

720 1.366 20.71 4.31 0.4618 18.37 4.35 0.5551 21.2 4.3

730 1.273 20.7 4.34 0.4417 18.35 4.38 0.5144 21.21 4.33

740 1.187 20.69 4.37 0.4227 18.32 4.42 0.477 21.23 4.36

750 1.108 20.68 4.41 0.4046 18.3 4.45 0.4427 21.25 4.4

760 1.035 20.67 4.44 0.3875 18.28 4.49 0.411 21.27 4.43

770 0.967 20.66 4.48 0.3712 18.26 4.52 0.3818 21.29 4.47

780 0.9045 20.65 4.51 0.3557 18.24 4.55 0.3549 21.31 4.5

790 0.8467 20.63 4.55 0.341 18.22 4.59 0.3301 21.32 4.54

800 0.7932 20.62 4.58 0.327 18.21 4.62 0.3071 21.34 4.57

810 0.7435 20.61 4.62 0.3137 18.19 4.66 0.286 21.36 4.61

820 0.6976 20.6 4.65 0.301 18.17 4.69 0.2664 21.38 4.64

830 0.6549 20.58 4.69 0.2889 18.16 4.74 0.2483 21.4 4.68

840 0.6152 20.57 4.72 0.2774 18.14 4.76 0.2316 21.42 4.71

Table 8. NLO contributions to the production cross-section for a scalar particle, as they are defined

in eq. (5.4). The theory uncertainty is computed as in eq. (5.5).
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850 578.4 20.55 4.76 266.4 18.12 4.8 216.1 21.43 4.75

860 544.1 20.53 4.79 256. 18.11 4.83 201.7 21.45 4.79

870 512.2 20.51 4.83 246. 18.09 4.87 188.4 21.47 4.82

880 482.5 20.49 4.87 236.4 18.08 4.91 176.1 21.48 4.86

890 454.8 20.47 4.9 227.3 18.06 4.94 164.6 21.5 4.89

900 429. 20.45 4.94 218.7 18.05 4.98 154. 21.52 4.93

910 404.9 20.44 4.97 210.4 18.04 5.01 144.1 21.54 4.97

920 382.4 20.41 5.01 202.4 18.02 5.05 134.9 21.55 5.

930 361.4 20.4 5.04 194.8 18.01 5.08 126.4 21.57 5.04

940 341.7 20.38 5.08 187.6 18. 5.12 118.4 21.59 5.07

950 323.3 20.36 5.14 180.6 17.99 5.15 111. 21.61 5.11

960 306.1 20.33 5.19 174. 17.98 5.19 104.1 21.63 5.15

970 290. 20.31 5.22 167.6 17.97 5.23 97.73 21.65 5.18

980 274.8 20.29 5.25 161.5 17.96 5.26 91.74 21.66 5.22

990 260.6 20.27 5.26 155.7 17.95 5.3 86.16 21.68 5.26

1000 247.3 20.25 5.3 150.1 17.94 5.33 80.95 21.7 5.29

1010 234.8 20.23 5.33 144.8 17.93 5.37 76.09 21.72 5.33

1020 223. 20.2 5.37 139.6 17.92 5.41 71.55 21.74 5.37

1030 212. 20.18 5.41 134.7 17.91 5.44 67.3 21.76 5.4

1040 201.6 20.15 5.44 130. 17.91 5.48 63.34 21.78 5.44

1050 191.8 20.13 5.48 125.4 17.9 5.52 59.63 21.8 5.48

1060 182.5 20.11 5.52 121.1 17.89 5.55 56.15 21.82 5.51

1070 173.8 20.08 5.55 116.9 17.88 5.59 52.9 21.83 5.55

1080 165.6 20.06 5.59 112.9 17.87 5.63 49.86 21.85 5.59

1090 157.9 20.03 5.63 109. 17.87 5.66 47. 21.87 5.63

1100 150.6 20.01 5.66 105.3 17.86 5.7 44.33 21.89 5.66

1110 143.7 19.98 5.7 101.8 17.85 5.74 41.82 21.91 5.7

1120 137.2 19.96 5.74 98.33 17.85 5.77 39.47 21.93 5.74

1130 131. 19.93 5.77 95.04 17.84 5.81 37.27 21.94 5.78

1140 125.2 19.9 5.81 91.87 17.83 5.85 35.19 21.96 5.81

1150 119.6 19.88 5.85 88.83 17.83 5.88 33.25 21.98 5.85

1160 114.4 19.85 5.88 85.9 17.82 5.92 31.42 22. 5.89

1170 109.4 19.83 5.92 83.08 17.82 5.96 29.7 22.02 5.93

1180 104.7 19.8 5.96 80.36 17.81 6. 28.09 22.04 5.97

1190 100.3 19.78 6. 77.75 17.81 6.03 26.57 22.06 6.

1200 96.05 19.75 6.03 75.23 17.8 6.07 25.14 22.07 6.04

1210 92.03 19.73 6.07 72.81 17.8 6.11 23.8 22.1 6.08

1220 88.22 19.7 6.11 70.47 17.8 6.15 22.53 22.12 6.12

1230 84.59 19.68 6.15 68.22 17.79 6.18 21.34 22.13 6.16

1240 81.15 19.65 6.19 66.05 17.79 6.22 20.21 22.15 6.2

1250 77.87 19.63 6.22 63.96 17.78 6.26 19.15 22.17 6.24

1260 74.75 19.6 6.26 61.94 17.78 6.3 18.16 22.19 6.27

1270 71.78 19.57 6.3 60. 17.77 6.34 17.21 22.2 6.31

1280 68.96 19.55 6.34 58.12 17.77 6.37 16.33 22.23 6.35

1290 66.26 19.52 6.38 56.31 17.76 6.41 15.49 22.24 6.39

Table 9. NLO contributions to the production cross-section for a scalar particle, as they are defined

in eq. (5.4). The theory uncertainty is computed as in eq. (5.5).
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1300 63.7 19.49 6.41 54.57 17.76 6.45 14.7 22.26 6.43

1310 61.23 19.48 6.46 52.88 17.76 6.49 13.95 22.28 6.47

1320 58.89 19.45 6.5 51.26 17.76 6.53 13.24 22.3 6.51

1330 56.65 19.44 6.54 49.69 17.75 6.57 12.58 22.32 6.55

1340 54.52 19.41 6.57 48.17 17.75 6.61 11.95 22.34 6.59

1350 52.5 19.39 6.6 46.71 17.75 6.64 11.35 22.36 6.63

1360 50.59 19.35 6.62 45.3 17.75 6.68 10.79 22.38 6.67

1370 48.73 19.33 6.67 43.93 17.74 6.72 10.25 22.4 6.71

1380 46.96 19.31 6.72 42.61 17.74 6.76 9.749 22.42 6.75

1390 45.26 19.28 6.76 41.33 17.74 6.8 9.272 22.43 6.79

1400 43.64 19.26 6.8 40.1 17.74 6.84 8.82 22.46 6.83

1410 42.09 19.24 6.84 38.91 17.74 6.88 8.392 22.48 6.87

1420 40.6 19.22 6.9 37.76 17.74 6.92 7.986 22.5 6.91

1430 39.17 19.2 6.95 36.65 17.74 6.96 7.602 22.52 6.95

1440 37.81 19.17 6.99 35.57 17.74 7. 7.238 22.54 6.99

1450 36.5 19.16 7.03 34.53 17.74 7.04 6.893 22.57 7.03

1460 35.24 19.13 7.06 33.52 17.74 7.08 6.566 22.58 7.07

1470 34.04 19.11 7.08 32.55 17.74 7.12 6.256 22.6 7.11

1480 32.89 19.09 7.12 31.6 17.74 7.16 5.961 22.62 7.15

1490 31.78 19.07 7.16 30.69 17.74 7.2 5.682 22.64 7.19

1500 30.72 19.05 7.2 29.81 17.74 7.24 5.417 22.66 7.23

1510 29.69 19.03 7.24 28.95 17.74 7.28 5.165 22.68 7.28

1520 28.71 19.01 7.28 28.12 17.74 7.32 4.926 22.7 7.32

1530 27.77 18.99 7.32 27.32 17.74 7.36 4.699 22.72 7.36

1540 26.86 18.97 7.36 26.55 17.74 7.4 4.483 22.74 7.4

1550 25.99 18.96 7.4 25.8 17.74 7.44 4.278 22.76 7.44

1560 25.15 18.94 7.44 25.07 17.74 7.48 4.083 22.78 7.48

1570 24.35 18.92 7.48 24.36 17.74 7.52 3.898 22.8 7.53

1580 23.57 18.9 7.52 23.68 17.74 7.56 3.722 22.82 7.57

1590 22.83 18.88 7.56 23.02 17.74 7.61 3.555 22.85 7.61

1600 22.11 18.87 7.6 22.38 17.74 7.65 3.395 22.87 7.65

1610 21.42 18.85 7.65 21.75 17.74 7.69 3.244 22.89 7.7

1620 20.75 18.83 7.69 21.15 17.74 7.73 3.099 22.9 7.74

1630 20.11 18.81 7.73 20.57 17.75 7.77 2.962 22.93 7.78

1640 19.49 18.8 7.77 20. 17.75 7.81 2.831 22.95 7.82

1650 18.89 18.78 7.81 19.45 17.75 7.86 2.707 22.97 7.87

1660 18.31 18.77 7.86 18.92 17.75 7.9 2.588 22.99 7.91

1670 17.76 18.75 7.9 18.4 17.75 7.94 2.475 23.01 7.95

1680 17.22 18.74 7.94 17.9 17.76 7.98 2.367 23.03 8.

1690 16.71 18.72 7.98 17.41 17.76 8.03 2.265 23.05 8.04

1700 16.21 18.7 8.02 16.94 17.75 8.07 2.167 23.07 8.08

1710 15.73 18.69 8.07 16.48 17.76 8.11 2.074 23.09 8.13

1720 15.26 18.68 8.11 16.04 17.76 8.16 1.985 23.11 8.17

1730 14.81 18.66 8.15 15.61 17.76 8.2 1.9 23.13 8.22

1740 14.38 18.65 8.2 15.19 17.76 8.24 1.819 23.15 8.26

Table 10. NLO contributions to the production cross-section for a scalar particle, as they are

defined in eq. (5.4). The theory uncertainty is computed as in eq. (5.5).
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1750 13.96 18.64 8.24 14.79 17.77 8.29 1.742 23.18 8.31

1760 13.56 18.63 8.28 14.39 17.77 8.33 1.668 23.2 8.35

1770 13.17 18.61 8.33 14.01 17.77 8.37 1.598 23.22 8.39

1780 12.79 18.6 8.37 13.64 17.78 8.42 1.531 23.24 8.44

1790 12.42 18.59 8.41 13.28 17.78 8.46 1.467 23.26 8.48

1800 12.07 18.57 8.46 12.93 17.78 8.5 1.405 23.28 8.53

1810 11.73 18.56 8.5 12.59 17.78 8.55 1.347 23.3 8.57

1820 11.4 18.55 8.54 12.26 17.79 8.59 1.291 23.32 8.62

1830 11.08 18.54 8.59 11.94 17.79 8.64 1.238 23.34 8.66

1840 10.77 18.53 8.63 11.62 17.79 8.68 1.187 23.36 8.71

1850 10.47 18.52 8.68 11.32 17.8 8.73 1.138 23.39 8.76

1860 10.18 18.51 8.72 11.03 17.8 8.77 1.092 23.41 8.8

1870 9.894 18.5 8.77 10.74 17.8 8.82 1.047 23.43 8.85

1880 9.621 18.49 8.81 10.46 17.8 8.86 1.004 23.45 8.89

1890 9.358 18.48 8.86 10.19 17.81 8.91 0.9637 23.47 8.94

1900 9.102 18.47 8.9 9.93 17.81 8.95 0.9248 23.49 8.99

1910 8.854 18.46 8.95 9.675 17.82 9. 0.8875 23.52 9.03

1920 8.614 18.45 8.99 9.427 17.82 9.04 0.8519 23.54 9.08

1930 8.382 18.44 9.04 9.186 17.82 9.09 0.8178 23.56 9.13

1940 8.156 18.44 9.08 8.951 17.83 9.14 0.7851 23.58 9.17

1950 7.937 18.43 9.13 8.723 17.83 9.18 0.7539 23.6 9.22

1960 7.725 18.42 9.18 8.502 17.83 9.23 0.724 23.62 9.27

1970 7.52 18.41 9.22 8.286 17.84 9.27 0.6953 23.64 9.32

1980 7.32 18.4 9.27 8.076 17.84 9.32 0.6679 23.67 9.37

1990 7.127 18.4 9.32 7.872 17.85 9.37 0.6416 23.69 9.41

2000 6.939 18.39 9.36 7.674 17.85 9.42 0.6164 23.71 9.46

2010 6.757 18.38 9.41 7.481 17.86 9.46 0.5923 23.73 9.51

2020 6.58 18.38 9.46 7.293 17.86 9.51 0.5692 23.75 9.56

2030 6.408 18.37 9.5 7.111 17.86 9.56 0.5471 23.77 9.61

2040 6.241 18.36 9.55 6.933 17.87 9.6 0.5259 23.79 9.65

2050 6.08 18.36 9.6 6.76 17.87 9.65 0.5056 23.82 9.7

2060 5.923 18.35 9.65 6.592 17.88 9.7 0.4861 23.84 9.75

2070 5.77 18.35 9.69 6.428 17.88 9.75 0.4674 23.86 9.8

2080 5.622 18.34 9.74 6.269 17.89 9.8 0.4495 23.88 9.85

2090 5.478 18.34 9.79 6.114 17.89 9.85 0.4323 23.91 9.9

2100 5.338 18.33 9.84 5.963 17.9 9.89 0.4158 23.93 9.95

2110 5.202 18.33 9.89 5.816 17.9 9.94 0.4 23.95 10.

2120 5.07 18.33 9.94 5.673 17.91 9.99 0.3848 23.98 10.05

2130 4.942 18.32 9.98 5.533 17.92 10.04 0.3702 24. 10.1

2140 4.817 18.32 10.03 5.397 17.92 10.09 0.3562 24.02 10.15

2150 4.696 18.31 10.08 5.265 17.93 10.14 0.3428 24.04 10.2

2160 4.578 18.31 10.13 5.137 17.93 10.19 0.33 24.07 10.25

2170 4.463 18.31 10.18 5.011 17.94 10.24 0.3176 24.09 10.3

2180 4.352 18.31 10.23 4.889 17.94 10.29 0.3057 24.11 10.35

2190 4.244 18.3 10.28 4.771 17.95 10.34 0.2944 24.14 10.4

Table 11. NLO contributions to the production cross-section for a scalar particle, as they are

defined in eq. (5.4). The theory uncertainty is computed as in eq. (5.5).
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2200 4.138 18.3 10.33 4.655 17.96 10.39 0.2834 24.16 10.46

2210 4.036 18.3 10.38 4.542 17.96 10.44 0.2729 24.18 10.51

2220 3.936 18.29 10.43 4.432 17.97 10.49 0.2628 24.2 10.56

2230 3.839 18.29 10.48 4.325 17.97 10.54 0.2531 24.23 10.61

2240 3.744 18.29 10.53 4.221 17.98 10.59 0.2438 24.25 10.66

2250 3.653 18.29 10.58 4.12 17.99 10.64 0.2349 24.27 10.72

2260 3.563 18.29 10.63 4.021 17.99 10.69 0.2263 24.3 10.77

2270 3.476 18.29 10.69 3.924 18. 10.74 0.218 24.32 10.82

2280 3.392 18.29 10.74 3.831 18.01 10.8 0.21 24.35 10.87

2290 3.309 18.28 10.79 3.739 18.01 10.85 0.2024 24.37 10.93

2300 3.229 18.28 10.84 3.65 18.02 10.9 0.1951 24.39 10.98

2310 3.151 18.28 10.89 3.563 18.02 10.95 0.188 24.41 11.03

2320 3.075 18.28 10.94 3.478 18.03 11. 0.1812 24.44 11.09

2330 3.001 18.28 11. 3.396 18.04 11.06 0.1747 24.46 11.14

2340 2.929 18.28 11.05 3.315 18.04 11.11 0.1684 24.48 11.19

2350 2.858 18.28 11.1 3.237 18.05 11.16 0.1624 24.51 11.25

2360 2.79 18.28 11.15 3.16 18.06 11.21 0.1566 24.53 11.3

2370 2.723 18.28 11.21 3.086 18.06 11.27 0.151 24.56 11.36

2380 2.658 18.28 11.26 3.013 18.07 11.32 0.1456 24.58 11.41

2390 2.595 18.28 11.31 2.942 18.08 11.37 0.1404 24.6 11.46

2400 2.534 18.28 11.37 2.873 18.08 11.43 0.1354 24.62 11.52

2410 2.474 18.28 11.42 2.805 18.09 11.48 0.1306 24.65 11.58

2420 2.415 18.28 11.47 2.74 18.1 11.54 0.126 24.67 11.63

2430 2.358 18.28 11.53 2.675 18.1 11.59 0.1216 24.7 11.69

2440 2.303 18.29 11.58 2.613 18.11 11.65 0.1173 24.72 11.74

2450 2.248 18.29 11.64 2.552 18.12 11.7 0.1132 24.75 11.8

2460 2.196 18.29 11.69 2.492 18.13 11.75 0.1092 24.77 11.85

2470 2.144 18.29 11.75 2.434 18.13 11.81 0.1054 24.79 11.91

2480 2.094 18.29 11.8 2.378 18.14 11.86 0.1017 24.82 11.97

2490 2.045 18.3 11.86 2.323 18.15 11.92 0.0982 24.84 12.02

2500 1.998 18.3 11.91 2.269 18.16 11.98 0.09479 24.87 12.08

2510 1.951 18.3 11.97 2.216 18.17 12.03 0.09151 24.89 12.14

2520 1.906 18.3 12.02 2.165 18.18 12.09 0.08834 24.92 12.19

2530 1.862 18.31 12.08 2.115 18.18 12.14 0.08529 24.94 12.25

2540 1.819 18.31 12.14 2.066 18.19 12.2 0.08235 24.97 12.31

2550 1.777 18.31 12.19 2.019 18.2 12.26 0.07952 24.99 12.37

2560 1.736 18.32 12.25 1.972 18.21 12.31 0.07679 25.02 12.42

2570 1.696 18.32 12.31 1.927 18.21 12.37 0.07416 25.04 12.48

2580 1.657 18.32 12.36 1.883 18.22 12.43 0.07163 25.06 12.54

2590 1.619 18.32 12.42 1.84 18.23 12.48 0.06919 25.08 12.6

2600 1.582 18.33 12.48 1.797 18.24 12.54 0.06683 25.11 12.66

2610 1.545 18.33 12.53 1.756 18.25 12.6 0.06456 25.14 12.72

2620 1.51 18.34 12.59 1.716 18.26 12.66 0.06237 25.17 12.78

2630 1.476 18.34 12.65 1.677 18.27 12.72 0.06026 25.19 12.84

2640 1.442 18.34 12.71 1.639 18.28 12.77 0.05822 25.22 12.9

Table 12. NLO contributions to the production cross-section for a scalar particle, as they are

defined in eq. (5.4). The theory uncertainty is computed as in eq. (5.5).
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2650 1.409 18.35 12.77 1.602 18.28 12.83 0.05626 25.24 12.96

2660 1.377 18.35 12.83 1.565 18.29 12.89 0.05436 25.27 13.02

2670 1.346 18.36 12.88 1.53 18.3 12.95 0.05254 25.29 13.08

2680 1.315 18.36 12.94 1.495 18.31 13.01 0.05077 25.31 13.14

2690 1.286 18.36 13. 1.461 18.32 13.07 0.04907 25.34 13.2

2700 1.257 18.37 13.06 1.428 18.33 13.13 0.04743 25.37 13.26

2710 1.228 18.38 13.12 1.396 18.34 13.19 0.04585 25.4 13.32

2720 1.201 18.38 13.18 1.364 18.34 13.25 0.04432 25.42 13.38

2730 1.174 18.38 13.24 1.333 18.35 13.31 0.04285 25.44 13.44

2740 1.147 18.39 13.3 1.303 18.37 13.37 0.04143 25.47 13.5

2750 1.121 18.4 13.36 1.274 18.37 13.43 0.04005 25.5 13.57

2760 1.096 18.4 13.42 1.245 18.39 13.49 0.03873 25.53 13.63

2770 1.072 18.41 13.48 1.217 18.39 13.55 0.03745 25.55 13.69

2780 1.048 18.42 13.54 1.19 18.4 13.61 0.03621 25.58 13.75

2790 1.024 18.42 13.61 1.163 18.41 13.68 0.03502 25.6 13.82

2800 1.001 18.43 13.67 1.137 18.42 13.74 0.03387 25.63 13.88

2810 0.9791 18.43 13.73 1.112 18.43 13.8 0.03276 25.65 13.94

2820 0.9573 18.44 13.79 1.087 18.44 13.86 0.03169 25.69 14.01

2830 0.936 18.45 13.85 1.062 18.45 13.92 0.03065 25.71 14.07

2840 0.9152 18.45 13.92 1.039 18.46 13.99 0.02965 25.74 14.13

2850 0.8949 18.46 13.98 1.016 18.47 14.05 0.02868 25.76 14.2

2860 0.8751 18.46 14.04 0.9929 18.48 14.11 0.02775 25.79 14.26

2870 0.8557 18.47 14.1 0.9708 18.49 14.17 0.02685 25.82 14.33

2880 0.8368 18.48 14.17 0.9492 18.5 14.24 0.02598 25.84 14.39

2890 0.8183 18.5 14.23 0.9281 18.51 14.3 0.02514 25.87 14.46

2900 0.8003 18.51 14.29 0.9075 18.52 14.37 0.02432 25.9 14.52

2910 0.7826 18.52 14.36 0.8874 18.53 14.43 0.02354 25.92 14.59

2920 0.7654 18.53 14.42 0.8677 18.54 14.49 0.02278 25.95 14.65

2930 0.7485 18.55 14.49 0.8485 18.55 14.56 0.02205 25.98 14.72

2940 0.7321 18.56 14.55 0.8297 18.56 14.62 0.02134 26.01 14.79

2950 0.716 18.57 14.62 0.8113 18.57 14.69 0.02065 26.03 14.85

2960 0.7003 18.59 14.68 0.7934 18.58 14.75 0.01999 26.06 14.92

2970 0.6849 18.6 14.75 0.7759 18.6 14.82 0.01935 26.09 14.99

2980 0.6699 18.61 14.81 0.7588 18.6 14.89 0.01873 26.11 15.05

2990 0.6552 18.63 14.88 0.742 18.62 14.95 0.01813 26.15 15.12

3000 0.6409 18.64 14.95 0.7257 18.63 15.02 0.01756 26.18 15.19

Table 13. NLO contributions to the production cross-section for a scalar particle, as they are

defined in eq. (5.4). The theory uncertainty is computed as in eq. (5.5).
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730 1.273 20.7 4.34 0.4417 18.35 4.38 0.5144 21.21 4.33

731 1.264 20.7 4.34 0.4398 18.34 4.39 0.5105 21.21 4.33

732 1.255 20.7 4.35 0.4379 18.34 4.39 0.5067 21.22 4.34

733 1.246 20.7 4.35 0.4359 18.34 4.39 0.5029 21.22 4.34

734 1.238 20.7 4.35 0.434 18.34 4.4 0.4991 21.22 4.34

735 1.229 20.7 4.36 0.4321 18.33 4.4 0.4953 21.22 4.35

736 1.221 20.7 4.36 0.4302 18.33 4.4 0.4916 21.23 4.35

737 1.212 20.69 4.36 0.4283 18.33 4.41 0.4879 21.23 4.35

738 1.204 20.69 4.37 0.4264 18.33 4.41 0.4843 21.23 4.36

739 1.195 20.69 4.37 0.4246 18.33 4.41 0.4806 21.23 4.36

740 1.187 20.69 4.37 0.4227 18.32 4.42 0.477 21.23 4.36

741 1.179 20.69 4.38 0.4209 18.32 4.42 0.4735 21.24 4.37

742 1.171 20.69 4.38 0.419 18.32 4.42 0.4699 21.24 4.37

743 1.163 20.69 4.38 0.4172 18.32 4.43 0.4664 21.24 4.37

744 1.155 20.69 4.39 0.4154 18.32 4.43 0.4629 21.24 4.38

745 1.147 20.69 4.39 0.4136 18.31 4.43 0.4595 21.24 4.38

746 1.139 20.69 4.4 0.4118 18.31 4.44 0.4561 21.24 4.39

747 1.131 20.69 4.4 0.41 18.31 4.44 0.4527 21.25 4.39

748 1.123 20.69 4.4 0.4082 18.31 4.44 0.4493 21.25 4.39

749 1.115 20.68 4.4 0.4064 18.31 4.45 0.446 21.25 4.4

750 1.108 20.68 4.41 0.4046 18.3 4.45 0.4427 21.25 4.4

751 1.1 20.68 4.41 0.4029 18.3 4.45 0.4394 21.25 4.4

752 1.093 20.68 4.42 0.4011 18.3 4.46 0.4361 21.26 4.41

753 1.085 20.68 4.42 0.3994 18.3 4.46 0.4329 21.26 4.41

754 1.078 20.68 4.42 0.3977 18.3 4.46 0.4297 21.26 4.41

755 1.07 20.68 4.43 0.3959 18.29 4.47 0.4265 21.26 4.42

756 1.063 20.68 4.43 0.3942 18.29 4.47 0.4233 21.26 4.42

757 1.056 20.67 4.43 0.3925 18.29 4.47 0.4202 21.26 4.42

758 1.049 20.67 4.44 0.3908 18.29 4.48 0.4171 21.26 4.43

759 1.042 20.67 4.44 0.3892 18.28 4.48 0.414 21.27 4.43

760 1.035 20.67 4.44 0.3875 18.28 4.49 0.411 21.27 4.43

761 1.028 20.67 4.45 0.3858 18.28 4.49 0.408 21.27 4.44

762 1.021 20.67 4.45 0.3842 18.28 4.49 0.405 21.27 4.44

763 1.014 20.67 4.45 0.3825 18.28 4.5 0.402 21.28 4.44

764 1.007 20.67 4.46 0.3809 18.27 4.5 0.399 21.28 4.45

765 1. 20.67 4.46 0.3792 18.27 4.5 0.3961 21.28 4.45

766 0.9934 20.67 4.46 0.3776 18.27 4.51 0.3932 21.28 4.45

767 0.9867 20.67 4.47 0.376 18.27 4.51 0.3903 21.28 4.46

768 0.9801 20.66 4.47 0.3744 18.27 4.51 0.3874 21.29 4.46

769 0.9735 20.66 4.48 0.3728 18.27 4.52 0.3846 21.29 4.46

770 0.967 20.66 4.48 0.3712 18.26 4.52 0.3818 21.29 4.47

Table 14. NLO contributions to the production cross-section for a scalar particle with a mass

around 750 GeV, as they are defined in eq. (5.4). The theory uncertainty is computed as in eq. (5.5).
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