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• After the discovery of the Higgs boson, many 
moved their hopes towards observing hints of 
new physics 

• Many beyond-the Standard Model scenarios 
predict the existence of new particles that should 
be within the reach of the LHC… 

• … including additional scalar resonances 
(although maybe not one of the most expected, at 
least at low mass) 

“Why such an unpopular topic?”



“Why such an unpopular topic?”
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“Why such an unpopular topic?”
• It surely is too early for big celebrations - the local 

significance is about 3.9σ in ATLAS and 3.4σ in 
CMS… 
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• It surely is too early for big celebrations - the local 
significance is about 3.9σ in ATLAS and 3.4σ in 
CMS…  
 
 
 
 
 
 
 
… yet, this excess is exemplary for the kind of 
signals that may arise from the production of an 
heavy scalar at the LHC

“Why such an unpopular topic?”



• Due to the large gluon luminosity, gluon fusion is 
one of the most likely production channels for an 
Higgs-like scalar  
 
 
 
 
 
 
 
 

Higgs-like scalar production

widths as summed over all S polarisations, rather than averaging over them. The decay into
two photons implies that the two relevant cases are J = 0, 2. As far as eq. (2) is concerned,
without loss of generality, we can focus on a spin-0 resonance. The dimensionless partonic
integrals are

Cgg =
⇡2

8

Z
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M2/s

dx

x
g(x)g(
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sx
), (3a)

C�� = 8⇡2
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4⇡2

9
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sx
) + q̄(x)q(

M2

sx
)

�
. (3c)

Their numerical values, computed for a resonance atM = 750GeV using the MSTW2008NLO [4]
set of pdfs evaluated at the scale µ = M , are:

p
s Cb¯b Ccc̄ Css̄ Cd ¯d Cuū Cgg C��

8TeV 1.07 2.7 7.2 89 158 174 11
13TeV 15.3 36 83 627 1054 2137 54

, (4)

where C�� has a 100% uncertainty if extracted purely from data without relying on theory.
On the other hand, the values of C�� are reliably extracted from theory, assuming that quark
splittings into photons dominate the photon pdf. Thus, the gain factors r = �

13TeV

/�
8TeV

=
[C}}/s]13TeV/[C}}/s]8TeV from 8 to 13 TeV are

rb¯b rcc̄ rss̄ rd ¯d ruū rgg r��
5.4 5.1 4.3 2.7 2.5 4.7 1.9

. (5)

Higher order QCD corrections (not included here) can modify the numbers in eq. (4) by K
factors of order unity. Typical values at NLO are Kgg = 1.5 and Kqq̄ = 1.2 (c.f. [5]). These
corrections depend on the specific channel but negligibly depend on

p
s because we are consid-

ering a resonant process that always occurs at the same centre-of-mass parton energy. Hence,
they roughly cancel out in the gain factors r.

We will focus mostly on gg and bb̄ induced processes, which represent the extreme cases
as they give the minimum and maximum value of C, and also lead to a large gain in parton
luminosity going from 8 to 13 TeV, as needed to fit the data. On the other hand, S production
from �� (see also [6]) is disfavoured by the small value of r��, which has a small uncertainty,
because partonic photons are dominantly emitted from u quarks, and their pdf evolution is
under good theoretical control.

2.1 An s-channel resonance coupled to gluons and photons

Let us first consider the case in which a spin-0 resonance is produced from gluon fusion and
decays into two photons. When production from �� partons can be neglected with respect to

4
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�(pp ! S) =
1

sMS

X

in

Cin,in�in , in = {g, b, c, s, u, d, �}



Our approach: “agnostic” 

• no assumption on the UV theory beyond the 
production of the new scalar S 

• effective theory: S couples to the gluons through a 
dimension 5 effective operator  
 

• same low-energy theory as the one describing 
the Higgs dimension-five couplings after 
decoupling the top quark

Higgs-like scalar production

Le↵ = � 1

4v
CS S Ga

µ⌫G
µ⌫
a



• can write the production cross section as

Higgs-like scalar production

�S(mS ,⇤UV) = |CS(µ,⇤UV)|2 ⌘(µ,mS)

mass scale  
from dim. reg.



Higgs-like scalar production

�S(mS ,⇤UV) = |CS(µ,⇤UV)|2 ⌘(µ,mS)

scale of new physics / cutoff scale of 
the effective theory description

typical mass scale of the heavy 
particles that have been integrated out

example: for gluon-fusion Higgs production 
in the light-flavour SM,         .

⇤UV ⇠ mt

• can write the production cross section as



‣ matrix element in the effective theory 

‣ for a CP-even, colourless scalar produced in 
gluon fusion, it is the same matrix element as 
the one for 

‣ known through N3L0, with the N3L0 term 
computed as an expansion around the Higgs 
threshold

Higgs-like scalar production

�S(mS ,⇤UV) = |CS(µ,⇤UV)|2 ⌘(µ,mS)

gg ! H

• can write the production cross section as



‣ derive the production cross section of S from 
the one for H as    .

�S(mS ,⇤UV) = |CS(µ,⇤UV)|2 ⌘(µ,mS)

• can write the production cross section as

�S(mS ,⇤UV) =

����
CS(µ,⇤UV)

CH(µ,mt)

����
2

�H(mS ,mt)

Higgs-like scalar production



�S(mS ,⇤UV) = |CS(µ,⇤UV)|2 ⌘(µ,mS)

• can write the production cross section as

‣ the factorisation of the cross section 
introduces terms beyond N3LO 

‣ they are captured by the scale variation 
theory error if one uses  

µcentral =
mS

2
, µ 2

hmS

4
,mS

i

Higgs-like scalar production



‣ such choice of scales might introduces large 
logs 

‣ for example, beyond NLO the SM Wilson 
coefficient contains terms in 

➡ can be more convenient to evaluate the SM 
Wilson coefficient with a top mass set to a 
larger values, for example the scale of new 
physics:

log(mt/µ)

�H(mS ,⇤UV) =

����
CH(µ,⇤UV)

CH(µ,mt)

����
2

�H(mS ,mt)

Higgs-like scalar production



Figure 2: E↵ective theory production cross section of a scalar particle of mass mS 2 [50, 150] GeV
through increasing orders in perturbation theory. For further details see the caption of Fig. 1.

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

uncertainty due to the lack of N3LO parton densities at the level of 0.9%� 3% for scalars

in the range 50 GeV�3 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 Tab. 6 we focus on the range between 730 and 770 GeV.

3. Finite width e↵ects 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 e↵ects

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

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 �S can be

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

�S(mS ,�S ,⇤UV) =

Z
dQ2Q�S(Q)

⇡

�S(Q,�S = 0,⇤UV)

(Q2 �m2
S)

2 +m2
S�

2(mS)
+O (�S(mS)/mS) , (3.1)

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

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

– 6 –

Figure 4: E↵ective theory production cross section of a scalar particle as a function of the particle
mass mS 2 [500, 3000] GeV through increasing orders in perturbation theory. For further details
see the caption of Fig. 1.

• in the range mS 2 [10 GeV, 150 GeV], cf. Tab. 2 in Appendix A, we find

�S(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 2 [150 GeV, 500 GeV], cf. Tab. 3, we find

�S(x) ⇡
�
1� 3

p
x
�9.52798

x�0.0415044 log x�1.50381 pb , (3.4)

• in the range mS 2 [500 GeV, 3000 GeV], cf. Tabs. 4-5, we find

�S(x) ⇡
�
1� 3

p
x
�9.71562

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

(3.5)

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 e↵ective theory of eq. (2.1) furnishes an accurate de-

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

– 8 –

• for all the range of scalar masses from 10 GeV to 
3 TeV (HXSWG recommendations), good 
convergence of the perturbative expansion at 
N3LO

Higgs-like scalar production



Scale dependence

Figure 5: E↵ective 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.

the scalar couples to light coloured particles. To investigate this e↵ect, 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 e↵ective theory

of eq. (2.1).

The red line in Fig. 7 shows the percent di↵erence of the two predictions,

�EFT =
�NLO
exact � �NLO

EFT

�NLO
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 e↵ective field theory is inadequate, for larger values of mT the EFT

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

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

about 5%).

Let us now define a rescaled e↵ective theory cross-section,

�NLO
rEFT =

�LO
exact

�LO
EFT

�NLO
EFT . (4.2)

– 9 –
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• As in the SM calculation, the theory error 
includes 

‣ scale variation 

‣ truncation error from the threshold expansion  
 
 

‣ missing N3LO parton distributions  
 

The theory error

µ 2
hmS

4
,mS

i

�(trunc) = 10⇥ �(3)
EFT (37)� �(3)

EFT (27)

�N3LO
EFT

�(PDF� TH) =
1

2

�����
�(2),NNLO
EFT � �(2),NLO

EFT

�(2),NNLO
EFT

�����



‣ caveat: we use the PDF set PDF4LHC15 in all 
the calculations but in the estimate of the  
PDF-TH error 

➡ accidental cancellation for scalar masses 
around 770 GeV! 

➡ for the PDF-TH error, take the envelope of 
the PDF-TH error given by CT14, NNPDF3.0 
and PDF4LHC15 

➡ error typically of a few % (cfr. SM, 1.1%), but 
rapid increase to               for scalar masses 
below 20 GeV

The theory error

O(10%)



• Previous result only holds for a scalar with 
negligible width 

• Can be generalised to a narrow-width 
resonance as 
 

➡ introduces an additional error of  
 
 
 
for a 750 GeV scalar with a width of 45 GeV

Finite-width effects

�S(mS ,�S ,⇤UV) =

Z
dQ2Q�S(Q)

⇡

�S(Q,�S = 0,⇤UV)

(Q2 �m2
S)

2 +m2
S�

2(mS)

O
✓
�S(mS)

mS

◆
⇠ 6%



• In many beyond-the Standard Model scenarios 
the width around the peak does not depend on 
the virtuality  

➡ obtain the invariant mass distribution from 
an interpolation of the zero-width cross 
sections  
 
 
 
 

�S(Q ⇡ mS) = �S

Finite-width effects



Figure 6: Line-shape of a 750 GeV CP-even scalar boson at the LHC for di↵erent values of its
total width.

The green line of Fig. 7 shows the relative di↵erence

�rEFT = 100⇥ �NLO
exact � �NLO

rEFT

�NLO
exact

(4.3)

between the rescaled e↵ective theory prediction for the cross-section and the exact NLO

cross section. We notice that the rescaled e↵ective 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

e↵ective 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.

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

– 10 –

Finite-width effects



• Can perform a parametric fit for the line-shape; 
for example, for a 13 TeV collider and a scalar 
between 0.5 and 3 TeV, 

�

S

(x) ⇡
�
1� 3

p
x

�
9.71562

x

�0.0040194 log

3
x

x

�0.0474683 log

2
x�0.240878 log x�1.81243 pb

x =
Q(GeV)

13 TeV

Finite-width effects



Validity of the EFT approach
• How good is the EFT if the scalar couples to 

“light” particles? 

• Example: 750 GeV scalar coupling to a top-like 
quark of mass mT  

• Can compute the cross section exactly through 
NLO and compare it with the prediction from 
the effective theory, 

�EFT =
�NLO
exact(mT )� �NLO

EFT

�NLO
exact

⇥ 100



Validity of the EFT approach
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Validity of the EFT approach
• The EFT is typically “improved” by rescaling 

with the exact LO cross section,  
 

• Much better agreement with the exact NLO 
result!

�NLO
rEFT =

�LO
exact

�LO
EFT

�NLO
EFT



Validity of the EFT approach
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Validity of the EFT approach
• The EFT is typically “improved” by rescaling 

with the exact LO cross section,  
 

• Much better agreement with the exact NLO 
result! 

➡ even in the presence of light new particles, 
can use the effective theory to compute the  
K-factors w.r.t. the exact LO cross section

�NLO
rEFT =

�LO
exact

�LO
EFT

�NLO
EFT



Top-quark contributions
• In many extensions of the SM, new scalars can 

couple to the heavier SM particles, as the top 
quark (for example, to explain its large mass) 

• For a light new scalar, can use an effective ggS 
vertex analogous to the SM one also for the top… 

• … but if the scalar is heavy, we cannot integrate 
the top out → model the top-scalar interaction as

Le↵ = ��wc

4v
C S Ga

µ⌫G
µ⌫
a � �t

mt

v
S t̄t

�t =
YttS

YttH
�wc =

CS

CH



Top-quark contributions
• The NLO cross section becomes

�NLO
S [1, 0] = |Awc|2

�NLO
S [�wc,�t] = |�wcAwc + �tAt|2

= �wc(�wc � �t)�
NLO
S [1, 0]

+�t(�t � �wc)�
NLO
S [0, 1]

+�wc�t �
NLO
S [1, 1]

cross section in the EFT 
➡ can use the N3LO one



Top-quark contributions
• The NLO cross section becomes

�NLO
S [0, 1] = |At|2

�NLO
S [1, 1] = |At +Awc|2

�NLO
S [�wc,�t] = |�wcAwc + �tAt|2

= �wc(�wc � �t)�
NLO
S [1, 0]

+�t(�t � �wc)�
NLO
S [0, 1]

+�wc�t �
NLO
S [1, 1]

�NLO
S [1, 0] = |Awc|2 cross section in the EFT

full top-mass 
dependance NLO



Theory error
• Lead by the NLO terms → evaluate it as

��NLO[n1, n2]

�NLO[n1, n2]
= ±�>NLO (1 + �scheme[n1, n2]) , ni 2 {0, 1}

with
�>NLO =

 
�N3LO[1, 0]� �NLO[1, 0]

�NLO[1, 0]

!

EFT

estimate of missing contributions  
beyond NLO in the effective theory



Theory error
• Lead by the NLO terms → evaluate it as

��NLO[n1, n2]

�NLO[n1, n2]
= ±�>NLO (1 + �scheme[n1, n2]) , ni 2 {0, 1}

with
�>NLO =

 
�N3LO[1, 0]� �NLO[1, 0]

�NLO[1, 0]

!

EFT

�scheme[n1, n2] =

����NLO,MS
exact [n1, n2]� �NLO,OS

exact [n1, n2]
���

�NLO,MS
exact [n1, n2]

scheme-dependence of top-quark 
contributions at NLO



Cross section components
• provide the                           for S production with 

SM-like Yukawa couplings at various collider 
energies and scalar masses 

• they can be adapted to specific models by just 
rescaling the interactions

�NXLO
S [n1, n2]

8 TeV

13 TeV

. Component value[fb] �(theory) [%] �(pdf+↵S) [%]

�N3LO
S [1, 0] 111.4

+1.9
�4.0 6.1

�NLO
S [1, 0] 89.37 19.18 6.23

�NLO
S [0, 1] 98.92 22.3 6.22

�NLO
S [1, 1] 245.3 21.71 6.2

�N3LO
S [1, 0] 496.9

+2.0
�3.7 4.0

�NLO
S [1, 0] 404.6 18.3 4.5

�NLO
S [0, 1] 442.7 21.3 4.4

�NLO
S [1, 1] 1108 20.7 4.4

p
s

mS = 750 GeV



Cross section components
• good convergence of the top component to the EFT 

for low values of the scalar mass

mS [GeV] �NLO
S [1, 1][pb] �NLO

S [1, 0][pb] �NLO
S [0, 1][pb]

50 687.1 171.4 172.3
55 593.9 148.1 149.0
60 518.3 129.0 130.2
65 455.9 113.4 114.6
70 404.0 100.4 101.7

➡ can use the N3LO EFT cross section
⇥4



Cross section components
• can also perform parametric fits 

• example: at 13 TeV, for the PDF4LHC15 set and a 
scalar between 500 GeV and 1 TeV,

• In the range mS 2 [350 GeV, 500 GeV], we find

�NLO
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 (5.14)

� 1.37351⇥ 108 log x� 6.26022⇥ 106 log x

x
+ 8.75837⇥ 108 ,

�NLO
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 (5.15)

� 137023 log2 x

x
+ 1.43013⇥ 109x log x� 1.53273⇥ 107 log x

� 704422 log x

x
+ 9.83324⇥ 107 ,

�NLO
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 (5.16)

+
126226 log2 x

x
� 1.3131⇥ 109x log x+ 1.40646⇥ 107 log x

+
647893 log x

x
� 9.03229⇥ 107 .

• In the range mS 2 [500 GeV, 1000 GeV], we find

�NLO
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)

�NLO
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)
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�NLO
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 2 [1000 GeV, 3000 GeV], we find

�NLO
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

p
x
��1.74158

,
(5.20)

�NLO
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

p
x
�7.95188

,
(5.21)

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

⇥ �
1� 3

p
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 e↵ective field theory approach. This enables us to

provide precision QCD corrections at N3LO to the production cross section at the LHC.

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 e↵ective theory Wilson coe�cient coupling of the CP-even scalar

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

e↵ective 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 e↵ective 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
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. . .

. . .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
13TeV valid for a center-of-mass

energy of 13TeV and PDF4LHC15 parton distribution functions.

• In the range mS 2 [50 GeV, 150 GeV], we find

�NLO
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)

�NLO
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)

�NLO
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 2 [150 GeV, 350 GeV], we find

�NLO
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 (5.11)

+ 6.11874⇥ 108 log x� 865250 log x

x
+ 5.46682⇥ 108 ,

�NLO
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 (5.12)

� 9.42982⇥ 106 log x+
14369.3 log x

x
� 7.62306⇥ 106 ,

�NLO
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 (5.13)

+ 3.72922⇥ 108 log x� 529486 log x

x
+ 3.31551⇥ 108 .
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Conclusions
Production of a CP-even scalar S: 

• gluon-fusion is one of the most favourable channels 

• in an EFT, can compute the cross section through 
N3LO from the analogous result for Higgs 
production, choosing as central scale 

• in the theory error, account for scale variation, 
threshold truncation and missing N3LO PDFs 

• for example, for a scalar of 750 GeV the theory 
error is about (+2%,-4%) for all relevant LHC 
energies

µ = mS/2



Validity of the EFT: 

for a relatively light particle mediating the 
production of S (expect errors around 60% in 
the threshold region for the-pair production of 
the mediator) 

✓ can still be used to estimate the K-factors in an 
EFT, can compute the cross section through 
N3LO from the analogous result for Higgs 
production, choosing as central scale

Conclusions

⇥



Conclusions
Top-quark contributions:  

• for an heavy scalar, can be computed only 
through NLO → large theory uncertainty  

• for a light scalar, can use an EFT Wilson 
coefficient also for the top → N3LO accuracy

(O(20%))



Conclusions
• We provided the ingredients to compute the cross 

section for the production of a CP-even scalar via 
gluon fusion using the most precise higher order 
QCD corrections available, once its Wilson 
coefficient and the top-Yukawa coupling are 
known




