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The lattice three-gluon vertex in the Landau gauge is revisited using a large physical volume

∼ (8fm)4 and a large statistical ensemble. The improved calculation explores the symmetries of
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lattice artefacts. Special attention is given to the low energy behaviour of the vertex and its relation

to ghost dominance.
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1. Introduction

The three-gluon vertex is one of the QCD fundamental Green’s functions. This vertex allows

the computation of the strong coupling constant and the measurement of a static potential between

color charges. Herein we report on an upgrade of the lattice computation of this vertex performed

by some of the authors in [1, 2].

The three-gluon correlation function G
a1a2a3
µ1µ2µ3

(p1, p2, p3) is given by

〈A
a1
µ1
(p1) A

a2
µ2
(p2) A

a3
µ3
(p3)〉 = V δ(p1 + p2 + p3) G

a1a2a3
µ1µ2µ3

(p1, p2, p3) (1)

and can be written in terms of the gluon propagator Dab
µν
(p2) and the one-particle irreducible (1PI)

vertex Γ using

G
a1a2a3
µ1µ2µ3

(p1, p2, p3) = D
a1b1
µ1ν1

(p1) D
a2b2
µ2ν2

(p2) D
a3b3
µ3ν3

(p3)Γ
b1b2b3
ν1ν2ν3

(p1, p2, p3). (2)

Bose symmetry requires the 1PI vertex to be symmetric under permutations of any pair (pi, ai, µi).

Given that

Γ
a1a2a3
µ1µ2µ3

(p1, p2, p3) = fa1a2a3
Γµ1µ2µ3

(p1, p2, p3) (3)

then the function Γµ1µ2µ3
(p1, p2, p3)must be antisymmetric under the interchange of any pair (pi, µi).

A complete description of Γµ1µ2µ3
(p1, p2, p3) in the continuum requires six Lorentz invariant

form factors, two associated to the transverse component Γ(t) and the remaining associated to the

longitudinal Γ(l) [3].

2. Asymmetric momentum configuration

In this work we consider the computation of the three-gluon vertex in the asymmetric mo-

mentum configuration p2 = 0, as in [1, 4]. In this case, the correlation function can be written

as

Gµ1µ2µ3
(p, 0,−p) = V

Nc(N
2
c − 1)

4

[

D(p2)
]2

D(0)
Γ(p2)

3
pµ2

Tµ1µ3
(p). (4)

The contraction of the Lorentz µ1 and µ3 indices, together with the contraction with the momentum

pα, gives

Gµ α µ(p, 0,−p) pα = V
Nc(N

2
c − 1)

4

[

D(p2)
]2

D(0) Γ(p2) p2. (5)

From this expression it is possible to extract the form factor Γ(p2). However, a lattice measurement

of Γ(p2) requires the computation of the ratio

Gµαµ(p, 0,−p)pα/
[

D(p2)
]2

D(0) (6)

and the extraction of Γ(p2) from this ratio will originate large statistical fluctuations at high momenta,

where D(p2) becomes quite small. In fact, assuming Gaussian error propagation, it is possible to

show that the statistical error on Γ(p2) behaves as ∆Γ(p2) ∼ p4 in the UV regime [1].
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3. Handling of noise, lattice artefacts

In order to try to deal with the large statistical fluctuations at high momenta, we considered a

few strategies [5]:

• explore the ambiguity on the scale setting and perform a binning in the momentum — all

data points in each bin are replaced by a weighted average of the data points;

• perform a H(4) extrapolation of the lattice data [6, 7] — such procedure is based on the

remnant H(4) symmetry group associated with a hypercubic lattice. On the lattice, a scalar

quantity F is a function of the H(4) invariants

p2
= p[2] =

∑

µ

p2
µ
, p[4] =

∑

µ

p4
µ
, p[6] =

∑

µ

p6
µ
, p[8] =

∑

µ

p8
µ
,

i.e. FLat = F(p[2], p[4], p[6], p[8]). The continuum limit will be given by F(p[2], 0, 0, 0) up to

corrections O(a2). Having several data points for the same p2 but different p[4], p[6], p[8], an

extrapolation of FLat to the continuum limit can be done, assuming that it can be written as

a power series of the H(4) invariants. Note that, in this work, only a linear extrapolation in

p[4] is considered.

4. Lattice setup

In this work we consider the 644 ensemble of 2000 configurations already studied in [1],

together with a 804 ensemble of 1800 configurations, both generated with the Wilson gauge action

at β = 6.0. The rotation to the Landau gauge has been performed using the Fourier accelerated

Steepest Descent method [8] implemented with the help of Chroma [9] and PFFT [10] libraries.

The gluon field is computed using the definition

ag0 Aµ(x + aêµ) =
Uµ(x) − U†(x)

2ig0

−
Tr

[

Uµ(x) − U†(x)
]

6ig0

(7)

with the momentum space gluon field given by

Aµ(p̂) =
∑

x

e−i p̂(x+aêµ ) Aµ(x + aêµ) , p̂µ =
2 π nµ

a Lµ

. (8)

5. Results

In Figure 1 we compare the original and binned data for Γ(p2). The binning of the data

suppresses the large statistical errors in the high momentum region and produces a well defined and

smooth curve.

Next, in Figure 2 we compare the binned data for both lattices. The results of the two volumes

agree within errors, suggesting that finite volume effects are small.

In Figure 3 we compare the H(4) extrapolation of the 644 lattice data with the binning of the

original data. We observe that the H(4) extrapolation pushes the vertex to higher values in the high

momentum regime. Nevertheless, in the infrared region, the extrapolated data is compatible with

the original data, for both lattice volumes — see Figure 4.
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(a) 644 lattice.
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(b) 804 lattice.

Figure 1: Original and binned data for Γ(p2).
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Figure 2: Comparison of binned data for Γ(p2).

6. Infrared behaviour of Γ(p2)

No zero crossing of Γ(p2), an indication of ghost dominance in the infrared, is seen in the

lattice data reported here. In order to check for a change of sign in Γ(p2), in this section we explore

the infrared behaviour of the lattice Γ(p2), using the 804 data for momenta below 1GeV, and fit the

data to Γ1(p
2) = A + Z ln(p2) and Γ2(p

2) = A + Z ln(p2
+ m2). The first one is a typical ansatz

considered in recent studies to study the zero crossing, see [5] for details, and the second one is a

variant of the first one which includes an infrared logarithmic regularizing mass.

In Figure 5 we plot the best fits of the lattice data for both fitting functions, obtained through

the minimization of χ2/d.o. f . . For Γ1(p
2), we got χ2/d.o. f . = 1.23 with A = 0.2395(16) and

Z = 0.0646(21). Accordingly the zero crossing occurs at po = 157MeV. For Γ2(p
2), the parameters

take the values A = 0.208(24), Z = 0.124(27) and m = 0.61(15)GeV, with a χ2/d.o. f . = 0.95. As
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Figure 3: Results of the H(4) extrapolation of Γ(p2) on the 644 lattice volume.
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(a) p2
Γ(p2).
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(b) Γ(p2).

Figure 4: Original and H(4) data for both lattice volumes for low momenta.

shown in the right plot of Figure 5, in this case there is no zero crossing.

7. Conclusions and outlook

In this paper we describe an improved calculation of the three gluon vertex on the lattice, for

the asymmetric momentum configuration. We use two different lattice volumes (6.5 fm)4 and (8.2

fm)4, with a common lattice spacing of a = 0.102 fm. We show that a H(4) extrapolation of the

lattice data pushes the vertex to higher values in UV regime. We proceed with a functional study

in the infrared region, considering some functional forms compatible with zero crossing and IR

divergence.

Further momentum configurations will be explored in the near future.
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(a) Γ(p2) = A + Z ln(p2).
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Figure 5: Infrared 804 lattice data for Γ(p2) together with some fitting functions.
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