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We compute the Standard Model scalar coupling (λ) evolution in a particular QCD resummation scheme, 
where the QCD coupling becomes infrared finite due to the presence of a dynamically generated gluon 
mass, leading to the existence of a non-perturbative infrared fixed point. We discuss how this scheme 
can be fixed taking recourse to phenomenological considerations in the infrared region. The QCD β

function associated to this non-perturbative coupling when introduced into the SM renormalization group 
equations increases the λ values at high energies.
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One of the techniques to study QCD at low energies are the 
Schwinger–Dyson Equations (SDE). This is an analytic method but 
with the complication of dealing with an infinite tower of cou-
pled integral equations. Because of this, when using the SDE, one 
have to make a truncation in the system of equations, which has 
to be done in a way that the symmetries of the theory are not 
broken, in particular, a rough truncation in the SDE can cause a vi-
olation of the gauge symmetry. In the recent years an enormous 
progress has been made in solving SDE in a gauge invariant way 
using the so-called Pinch Technique [1], as a result it has been 
found the existence of a dynamical gluon mass in the propaga-
tor of the gluon field, as suggested many years ago by Cornwall 
[2]. Another non-perturbative technique is Lattice QCD [3], which 
implies heavy numerical calculations requiring a considerably high 
amount of computer power. Results obtained in QCD lattice simu-
lations are in agreement with the SDE in what concerns dynamical 
gluon mass generation [4,5].

The infrared QCD coupling turns out to be infrared finite when 
gluons develop a dynamically generated mass. This point was al-
ready emphasized in Ref. [2]; was also discussed at length in 
Refs. [6,7], and leads to an infrared fixed point, which is a prop-
erty of dynamical mass generation in non-Abelian theories [8]. The 
phenomenological consequences of such infrared finite coupling, 
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or non-perturbative fixed point, have been discussed in Ref. [9], 
and recently we have discussed how this non-perturbative fixed 
point can change the local minimum of a renormalization group 
improved effective potential [10]. This change of minimum state 
may produce noticeable modifications in the physical properties of 
the model studied in Ref. [10].

In view of the results of Ref. [10] we will study the effect of 
the non-perturbative fixed point present in QCD with dynamically 
massive gluons in the scalar coupling evolution of the Standard 
Model (SM). It should be noticed that we shall be dealing with a 
very particular QCD resummation scheme, provided by the results 
of the Pinch Technique applied to the SDE, which have been ar-
gued that can lead to off-shell Green’s functions that are locally 
gauge invariant and renormalization group invariant [11]. The QCD 
αs coupling that we shall consider will not depend on the renor-
malization point μ but on the dynamical gluon mass mg(k2) and, 
of course, on the QCD characteristic scale �QCD ≡ �. This coupling 
contains the effect of summation of several loops according to the 
calculations detailed in Refs. [1,2,6,7], and the free parameter in 
this particular scheme, namely the infrared value of the dynamical 
gluon mass, will be fixed by taking recourse to phenomenological 
considerations about the coupling constant IR behavior.

The first calculation of the IR frozen QCD coupling in the pres-
ence of a dynamically generated gluon mass was obtained in 
Ref. [2], leading to the following coupling:

g2(k2) = 1

β0 ln
[

k2+4·m2
g

�2

] = 4παs(k
2), (1)
QCD
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where β0 = (11N −2nq)/48π2 with nq quark flavors and N = 3. mg

is the IR value of the dynamical gluon mass mg(k2), which natu-
rally goes to zero at high energies. Note that the running charge 
has been obtained as a fit to the SDE solutions in the pure gluon 
theory, but quarks are introduced at leading order just by its effect 
in the first β function coefficient. The most important factor in the 
αs(0) frozen IR value of the QCD coupling determination is the ra-
tio mg/�QCD , which was approximately determined to be a factor 
of O(2) [2].

Another possible, and more detailed, fit of the effective QCD 
charge determined from the SDE solutions within the pinch tech-
nique is given by [12]

αs(k
2) =

[
4πβ0 ln

(
k2 + f

(
k2,m2(k2)

)
�2

QCD

)]−1

, (2)

where the function f
(
k2, m2(k2)

)
is given by

f
(
k2,m2(k2)

) = ρ1m2(k2) + ρ2
m4(k2)

k2 + m2(k2)
, (3)

where ρ1, ρ2 are fitting parameters and the function m2(k2) rep-
resents a running dynamical gluon mass that, apart from negligible 
logarithmic factors, is approximately given by [12–14]

m2
g(k

2) ≈ m4
g

k2 + m2
g
, (4)

where mg is the effective dynamical gluon mass IR value. For mg =
500 MeV and �QCD = 300 MeV, the best fit for the running charge 
gives ρ1 = 4.5 and ρ2 = −2 [12].

Eqs. (2) and (3) are just one fit for one specific mg and �QCD set 
of values, and it should be numerically calculated each time that 
we vary one of these parameters, while Eq. (1) can be used in the 
case of different mg values. As a crude approximation, without the 
need of calculating the full SDE, we could just replace m2

g in Eq. (1)

by m2
g(k

2) given by Eq. (4). When we perform this replacement 
and compute the coupling for mg = 500 MeV and �QCD = 300 MeV
we obtain a coupling that differs slightly from the coupling shown 
in Eq. (2) in the region of k2 ≈ 2m2

g . Another approach can be 
obtained just assuming the following simple fit for the coupling 
constant

4παs(k
2) ≈ 1

β0 ln
[

4·m2
g

�2
QCD

]θ(1 GeV2 − k2)

+ κ

β0 ln
[

k2+4·m2
g/k2

�2
QCD

]θ(k2 − 1 GeV2), (5)

where κ is a constant that provides the interpolation between the 
constant behavior of the IR coupling with its high energy behavior, 
where the dynamical gluon mass falloff as 1/k2 [13]. In any case 
it is important to stress that the non-perturbative QCD coupling 
associated to the phenomenon of dynamical gluon mass generation 
matches exactly with the perturbative one at high energies.

Exactly as performed in Ref. [10], where the non-perturbative 
behavior of the coupling constant was used in the calculation of a 
renormalization group improved effective potential, we would like 
to use the coupling constant discussed above to compute the SM 
scalar coupling evolution. It is clear that such coupling appears in a 
non-perturbative QCD resummation scheme, and we shall need to 
take recourse of phenomenological considerations to fix its IR be-
havior before considering its use in the renormalization group (RG) 
equations. Of course, as a requirement for stability of the calcula-
tion, the IR non-perturbative QCD coupling surely cannot be large, 
or at least it must be smaller or of the order of the top quark 
Yukawa coupling, since we are going to confront it with other SM 
couplings. However this is exactly what is going to happen, and 
most of the phenomenological models trying to extract the αs IR 
coupling value seems to indicate a small number. For instance, the 
description of jet shapes observables require αs(0) to be of the 
order 0.63 [15], the famous models of quarkonium potential cal-
culations of Ref. [16] use an IR coupling of order αs(0) ≈ 0.6, the 
ratio Re+e− computed by Mattingly and Stevenson [17] can fit the 
data with αs(0)/π ≈ 0.26, analysis of e+e− annihilation, as well as 
bottomonium and charmonium fine structure in the framework of 
the background perturbation theory may lead to a frozen value of 
the coupling constant as low as αs(0) ≈ 0.4 [18]. Recent analysis 
of experimental data on the unpolarized structure function of the 
proton indicates that [19]:

0.13 ≤ αs,NLO(scale → 0)/π ≤ 0.18 , (6)

what is also consistent with αs values extracted from the GDM 
sum rule [19].

Other phenomenological calculations considering a finite IR 
QCD coupling can be found in Ref. [20], and a compilation of some 
results can be seen in Ref. [21]. We can add to these phenomeno-
logical computations the theoretical αs(0) value obtained through 
the functional Schrödinger equation which is equal to 0.5 [22], and 
the quite extensive list of an IR finite effective coupling calcula-
tions based on the Schwinger–Dyson equations (SDE) within the 
Pinch Technique [1,2,23], which also lead to a successful strong in-
teraction phenomenology [9,24].

In the scheme that we are following the QCD coupling freezes 
in the IR at one reasonably small value, and, as shown in Eq. (1)
and Eq. (2), the IR value is directly related to the IR value of the 
dynamical gluon mass, which is approximately bounded to mg >

(0.6–1.2)�QCD in order to ensure that there be no tachyons in the 
gluon propagator [25]. The preferred phenomenological value of 
this mass is associated to the ratio mg/�QCD ≈ 2 [2,9]. For a dy-
namical gluon mass mg = 1.2�QCD we obtain an IR QCD coupling 
of order of 0.8. Therefore, according to the many phenomenolog-
ical determinations of the αs(0) values described previously, and 
with the phenomenological determinations of the effective dynam-
ical gluon mass [9] we will consider the following range for the IR 
value of this coupling

0.4 ≤ αs(0) ≤ 0.8 , (7)

what is in agreement with previous discussions about the IR value 
of the strong coupling [21]. Note that, according to Eq. (1), the 
possible values of the ratio mg/�QCD for two quark flavors, to be 
in agreement with Eq. (7), are in the range:

1.2 ≤ mg

�QCD
≤ 2.86 . (8)

Which are also in agreement with the many different determina-
tions of αs(0) and mg that can be found in the literature. At this 
point we have set up the parameters necessary in this QCD resum-
mation scheme to calculate the SM scalar self coupling evolution.

The evolution of the scalar self coupling λ appearing in the SM, 
where the scalar field may acquire a vacuum expectation value v ≈
246.2 GeV, are giving by the standard RG equations where each SM 
ordinary coupling αi is governed by the respective β function

βi(αi) = μ2 d

dμ2
αi(μ), (9)

where αi represents λ and any gauge or Yukawa SM couplings. The 
SM stability up to the Planck scale requires λ ≥ 0, and the evolu-
tion of this coupling is determined solving the coupled system of 
differential equations given by Eq. (9).
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Fig. 1. Scalar coupling (λ) evolution. The 1 and 3-loops standard pertubative calcu-
lations are shown by the dashed and continuous lines. The shaded area is obtained 
varying the mg/�QCD values between mg/�QCD ≈ 1.2 and 2.86 (corresponding to 
αs(0) between 0.8 and 0.4). The curve in the middle of the shaded area corresponds
to the λ evolution for the phenomenologically preferred ratio of mg/�QCD = 2, and 
this curve do not cross the line λ = 0 up to the Planck scale.

The SM RG equations with the one loop β functions in the (MS) 
scheme (up to Eq. (13)) are given by

βλ = 1

(4π)2

[
24λ2 − 6y4

t + 3

8

(
2g4

2 + (g2
2 + g2

1)2)
− (9g2

2 + 3g2
1 − 12y2

t )λ
]
, (10)

βyt = yt

(4π)2

[
− 9

4
g2

2 − 17

12
g2

1 − 8g2
3 + 9

2
y2

t

]
, (11)

βg1 = 1

(4π)2

41

6
g3

1, (12)

βg2 = 1

(4π)2

−19

6
g3

2, (13)

βg3 = −β0 g3 et

et + 4
m2

g (t)

�2

(
1 − 4

et + m2
g

�2

m2
g(t)

�2

)
, (14)

where t = log k2

�2 , m2
g (t)

�2 = (m4
g/�4)

[et+m2
g/�2] , and β0 = 11N−2nq

48π2 is the first 
coefficient of the QCD β function. Note that βλ , βyt , βg1 , βg2 and 
βg3 are respectively the scalar, Yukawa top quark, U (1), SU(2) and 
SU(3) β functions. However βg3 has been changed by the non-
perturbative QCD β function generated by the non-perturbative 
coupling described previously. This is the approach pursued in 
Ref. [10], and also in Ref. [26] in a context that includes gravity 
in the calculation.

To solve the RG equations we will use the same one-loop (and 
three-loop) SM β functions used in Refs. [27,28]. In this case our 
results are shown in Fig. 1 indicated by 1 and 3-loops (respectively 
small and large dashed curve and the continuous one), which agree 
with the ones of Refs. [27,28] and allow us to check the numerical 
code. We have used exactly the same initial conditions shown in 
Table 1 of Ref. [28] at μ = Mt , where the top mass is Mt = 172.9 ±
0.6 ± 0.9 GeV, MH = 125.7 GeV, and

αs(M Z ) = 0.1185 ± 0.0007 . (15)

For the λ evolution at very high energies we assumed nq = 6, and 
no particular attention has been done to the low energy evolution 
and the various quark thresholds below the top quark scale, what 
was also not considered in [27,28].

We now use the same numerical code to compute the scalar 
coupling evolution just changing the standard perturbative QCD β
function by the non-perturbative one described in Eq. (14). One 
very important point is to recall that our equations are in agree-
ment with the boundary conditions given by the experimental Mt
and MH masses and the one of Eq. (15). In the IR region, in the 
limit of two light quarks, the non-perturbative QCD β function and 
the coupling generated by it is consistent with Eq. (7), which can 
be considered the condition that fix our scheme, and in the ul-
traviolet region, with six active quarks, the effect of the running 
dynamical gluon mass is quite small and its contribution is one 
order of magnitude below the uncertainty in the coupling deter-
mination at the Z pole giving in Eq. (15). Finally the range of IR 
coupling values giving by Eq. (7) is the one that constrains our 
mg/�QCD values, resulting in the shaded area shown in Fig. 1 for 
the scalar coupling evolution. For most of the phenomenologically 
expected values of the dynamical gluon mass the SM scalar cou-
pling evolution does not cross the line λ = 0 up to the Planck mass.

We have computed the SM scalar coupling evolution with a 
very particular QCD resummation scheme, and, in this scheme, the 
scalar coupling evolution is positive up to the Planck mass for a 
certain range of the parameter that determine the scheme, which 
is the dynamically generated gluon mass. The approach used here 
was considered previously in Ref. [10], and a similar result, but 
assuming a fixed point behavior generated by gravitational inter-
action, was obtained in Ref. [26]. There are many points still to 
be discussed in this type of approach, which are related to the 
introduction of the non-perturbative conformal behavior into the 
RG equations. One have also to recall that the non-perturbative 
coupling considered here corresponds to an all order coupling in 
one specific sum of graphics, and to one scheme where the QCD 
� scale is fixed but the dynamical gluon mass may vary with 
nq (increasing its value [29,30]), leading to even larger λ values 
at high energies, on the other hand this variation of mg with nq
may also be erased by the introduction of massive physical quarks. 
This possibility has not been considered due to the lack of precise 
simulations of the mg variation with nq . The infrared finite QCD 
coupling due to the existence of a dynamical gluon mass seems 
to be a reality at this point, and the QCD scheme introduced here 
may change some results found in the literature [27], but improve-
ments in the SDE solutions with better approximations and the 
introduction of physical quarks can still modify the results that we 
described in this work.

Acknowledgements

This research was partially supported by the Conselho Nacional 
de Desenvolvimento Científico e Tecnológico (CNPq) (grant number 
302884/2014-9), by the grants 2013/22079-8 and 2013/24065-4 of 
Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP) 
and by Coordenação de Aperfeiçoamento de Pessoal de Nível Su-
perior (CAPES).

References

[1] J.M. Cornwall, J. Papavassiliou, D. Binosi, The Pinch Technique and its Applica-
tions to Non-Abelian Gauge Theories, Cambridge University Press, 2011.

[2] J.M. Cornwall, Phys. Rev. D 26 (1982) 1453.
[3] J. Greensite, Prog. Part. Nucl. Phys. 51 (2003) 1.
[4] A.C. Aguilar, D. Binosi, J. Papavassiliou, Phys. Rev. D 78 (2008) 025010.
[5] P. Bicudo, D. Binosi, N. Cardoso, O. Oliveira, P.J. Silva, arXiv:1505.05897 [hep-

lat].
[6] A.C. Aguilar, D. Binosi, J. Papavassiliou, J. High Energy Phys. 1007 (2010) 002.
[7] A.C. Aguilar, D. Binosi, J. Papavassiliou, Phys. Rev. D 80 (2009) 085018.
[8] A.C. Aguilar, A.A. Natale, P.S. Rodrigues da Silva, Phys. Rev. Lett. 90 (2003) 

152001.
[9] A.A. Natale, PoS QCD-TNT 09 (2009) 031.

[10] A.G. Dias, J.D. Gomez, A.A. Natale, A.G. Quinto, A.F. Ferrari, Phys. Lett. B 739 
(2014) 8.

[11] J.M. Cornwall, PoS QCD-TNT-II (2011) 010, arXiv:1111.0322 [hep-th].
[12] A.C. Aguilar, D. Binosi, J. Papavassiliou, Phys. Rev. D 80 (2009) 085018.
[13] M. Lavelle, Phys. Rev. D 44 (1991) R26.

http://refhub.elsevier.com/S0370-2693(15)00469-4/bib70696E6368s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib70696E6368s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib636F726E77616C6Cs1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib677265656Es1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib616775696C6172s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib62696E6F7369s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib62696E6F7369s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib7061706131s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib7061706132s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib757331s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib757331s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib757332s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib757333s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib757333s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib636F726E77616C6C32s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib6167756932s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib6C6176s1


544 J.D. Gomez, A.A. Natale / Physics Letters B 747 (2015) 541–544
[14] A.C. Aguilar, A.A. Natale, J. High Energy Phys. 0408 (2004) 057.
[15] Yu.L. Dokshitzer, B.R. Webber, Phys. Lett. B 352 (1995) 451;

Yu.L. Dokshitzer, G. Marchesini, B.R. Webber, Nucl. Phys. B 469 (1996) 93.
[16] S. Godfrey, N. Isgur, Phys. Rev. D 32 (1985) 189;

E. Eichten, et al., Phys. Rev. Lett. 34 (1975) 369, Phys. Rev. D 21 (1980) 203;
J.L. Richardson, Phys. Lett. B 82 (1979) 272;
T. Barnes, F.E. Close, S. Monaghan, Nucl. Phys. B 198 (1982) 380.

[17] A.C. Mattingly, P.M. Stevenson, Phys. Rev. Lett. 69 (1992) 1320;
A.C. Mattingly, P.M. Stevenson, Phys. Rev. D 49 (1994) 437.

[18] A.M. Badalian, Yu.A. Simonov, Phys. At. Nucl. 60 (1997) 630;
A.M. Badalian, V.L. Morgunov, Phys. Rev. D 60 (1999) 116008;
A.M. Badalian, B.L.G. Bakker, Phys. Rev. D 62 (2000) 094031.

[19] A. Courtoy, arXiv:1405.6567 [hep-ph];
A. Courtoy, PoS QCD-TNT-III (2013) 008;
A. Courtoy, S. Liuti, Int. J. Mod. Phys. Conf. Ser. 25 (2014) 1460046;
A. Courtoy, S. Liuti, Phys. Lett. B 726 (2013) 320.

[20] S.J. Brodsky, C.-R. Ji, A. Pang, D.G. Robertson, Phys. Rev. D 57 (1998) 245;
Y.L. Dokshitzer, G. Marchesini, G.P. Salam, Eur. Phys. J. C 1 (1999) 3;
S.J. Brodsky, S. Menke, C. Merino, J. Rathsman, Phys. Rev. D 67 (2003) 055008;
G. Grunberg, Phys. Rev. D 73 (2006) 091901;
T. Gehrmann, M. Jaquier, G. Luisoni, Eur. Phys. J. C 67 (2010) 57.
[21] A.C. Aguilar, A. Mihara, A.A. Natale, Phys. Rev. D 65 (2002) 054011;
G.M. Prosperi, M. Raciti, C. Simolo, Prog. Part. Nucl. Phys. 58 (2007) 387;
A. Deur, V. Burkert, J.P. Chen, W. Korsch, Phys. Lett. B 650 (2007) 244.

[22] J.M. Cornwall, Phys. Rev. D 76 (2007) 025012;
J.M. Cornwall, arXiv:0812.0359 [hep-ph].

[23] J.M. Cornwall, arXiv:1410.2214 [hep-ph].
[24] F. Halzen, G.I. Krein, A.A. Natale, Phys. Rev. D 47 (1993) 295;

E.G.S. Luna, A.F. Martini, M.J. Menon, A. Mihara, A.A. Natale, Phys. Rev. D 72 
(2005) 034019;
E.G.S. Luna, A.A. Natale, Phys. Rev. D 73 (2006) 074019;
E.G.S. Luna, A.L. dos Santos, A.A. Natale, Phys. Lett. B 698 (2011) 52;
D.A. Fagundes, E.G.S. Luna, M.J. Menon, A.A. Natale, Nucl. Phys. A 886 (2012) 
48.

[25] J.M. Cornwall, Phys. Rev. D 80 (2009) 096001.
[26] M. Shaposhnikov, C. Wetterich, Phys. Lett. B 683 (2010) 196.
[27] K.G. Chetyrkin, M.F. Zoller, J. High Energy Phys. 1206 (2012) 033;

K.G. Chetyrkin, M.F. Zoller, J. High Energy Phys. 1304 (2013) 091.
[28] M.F. Zoller, PoS LL2014 (2014) 014, arXiv:1407.6608 [hep-ph].
[29] A. Ayala, A. Bashir, D. Binosi, M. Cristoforetti, J. Rodriguez-Quintero, Phys. Rev. 

D 86 (2012) 074512.
[30] R.M. Capdevilla, A. Doff, A.A. Natale, Phys. Lett. B 744 (2015) 325.

http://refhub.elsevier.com/S0370-2693(15)00469-4/bib6161s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib576562626572s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib576562626572s2
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib717561726B6Fs1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib717561726B6Fs2
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib717561726B6Fs3
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib717561726B6Fs4
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib4D617474s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib4D617474s2
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib64657A736574s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib64657A736574s2
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib64657A736574s3
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib636F757274s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib636F757274s2
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib636F757274s3
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib636F757274s4
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib736576s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib736576s2
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib736576s3
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib736576s4
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib736576s5
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib6E6174s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib6E6174s2
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib6E6174s3
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib636F31s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib636F31s2
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib636F726E77616C6C33s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib6E6174616C6531s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib6E6174616C6531s2
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib6E6174616C6531s2
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib6E6174616C6531s3
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib6E6174616C6531s4
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib6E6174616C6531s5
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib6E6174616C6531s5
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib636F726E32s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib776574s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib7A6F6C31s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib7A6F6C31s2
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib7A6F6C32s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib6D6E71s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib6D6E71s1
http://refhub.elsevier.com/S0370-2693(15)00469-4/bib757334s1

	Scalar coupling evolution in a non-perturbative QCD resummation scheme
	Acknowledgements
	References


