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1. Introduction

The Standard Model (SM) of particle physics is supposed
to describe ordinary matter in terms of elementary particles
and their interactions. As a theory, the SM has been quite
successful: continuous confrontation with empirical obser-
vations (experiment) reveals how robust it is. Even though it
is sometimes difficult for it to explain some facts of Nature,
such as confinement and dynamical mass generation in quan-
tum chromodynamics (QCD) [1], only those quantities which
require high precision measurements (or calculations) give us
a small window to doubt the completeness of the SM to de-
scribe ordinary matter phenomena (aside frome.g. the origin
of neutrino masses or the baryogenesis mechanism, which
can be related to scales not directly accessible by current ex-
periments). This is the case of the so called muon anomalous
magnetic moment,aµ := (gµ − 2)/2. The historical dis-
crepancy between experimental and theoretical values ofaµ

was fueled after the recent (first) measurement from the muon
g − 2 experiment at Fermilab (FNAL) [2]:

aFNAL
µ = 116592040(54)× 10−11 , (1)

which, in combination with the previous experiment at
Brookhaven National Laboratory (BNL) [3], yields the ac-
cepted worldwide experimental average of:

aExp
µ = 116592061(41)× 10−11 . (2)

Conversely, several theoretical efforts, orchestrated by the
Muon g − 2 Theory Initiative, produce the following value
as the Standard Model prediction of this quantity [4]:

aSM
µ = 116591810(43)× 10−11 . (3)

Experiment so far has reached an amazing precision of0.35
parts per million, and both SM and experiment exhibit the
same level of accuracy; nevertheless,aSM

µ deviates4.2 σ
from aexp

µ . While waiting for ongoing runs at FNAL and
upcoming new experiments at J-PARC [5], one should in-
quire on this observable from the theoretical point of view.
The degree of sophistication of the SM experiment and
predictions (aboutaµ), and more than anything, their dis-
crepancy, excites those seeking explanations based on new
physics. Either way, one must ensure that all contributions
to aµ coming from the SM are included and carefully cal-
culated, as well as that they have a sufficient degree of pre-
cision. The SM contributions toaµ are divided into those
coming from quantum electrodynamics (QED), electroweak
(EW) and hadronic contributions (at a fundamental level,
QCD); the latter, further divided in hadronic vacuum polar-
ization (HVP) and hadronic light-by-light (HLbL) contribu-
tions. Naturally, the QED part (calculated up to 5-loops)
dominates [6],aQED

µ = 116584718.931(104)× 10−11 . The
EW contribution is subdominant but also well determined,
aEW

µ = 153.6(1.0) × 10−11 [7, 8]. On the other hand, the
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hadronic contributions saturate the error in the SM prediction
(see [4,9] and references therein):

aHVP
µ = 6845(40)× 10−11 , (4)

aHLbL
µ = 92(18)× 10−11 . (5)

It is not surprising that these are the least restricted contribu-
tions, demanding special attention. The non-perturbative na-
ture of QCD often leads to difficulties not present in the QED-
EW part of the SM. Thus, in evaluating the hadronic contri-
butions toaµ it is typical to appeal to data-driven analyses,
effective theories, and lattice QCD;e.g. [10–19]. Neverthe-
less, there is a mathematical framework that requires neither
the experimental inputs of the data-driven approaches nor
the computer power of lattice QCD: the Dyson-Schwinger
equations (DSEs) formalism [20–22]. Even though there is
a plethora of hadron physics predictions based upon this for-
malism (for example [23–32]), as well as recent and pioneer-
ing works on hadronic contributions to the muon g-2 [33–38],
little attention has been given to this approach as a valuable
tool for muong − 2 related studies.

In this manuscript, we revisit Refs. [33, 34], to briefly
describe how to evaluate the HLbLP±-box contributions
(P± = π±, K±), given by theγ∗P± → P± elastic
form factors (EFFs), and theP0-pole contributions (P0 =
π0, η, η′, ηc, ηb), obtained fromγ∗γ∗ → P0 transition form
factors (TFFs). The manuscript is organized as follows: Sec-
tion 2 presents some general aspects for the description of
mesons within the DSE framework. In Sec. 3, we discuss the
calculation of EFFs and TFFs, presenting the obtained nu-
merical results. Section 4 gathers such results and evaluates
their contribution toaµ. Finally, Sec. 5 summarizes our find-
ings and presents a vision about how the DSEs formalism can
assist some theoretical aspects of the muon g-2.

2. The Dyson-Schwinger and Bethe-Salpeter
equations approach

Essentially, the DSEs are the equations of motion in a quan-
tum field theory; in this case, QCD. Every Green function
obeys a DSE which, in turn, requires the knowledge of at least
one higher-order Green function [20]. This forms an infinite
tower of coupled (integral) equations which contains all the
dynamics, therefore requiring a systematic truncation in or-
der to extract the encoded physics [39,40]. Notwithstanding,
this formalism captures the perturbative and non-perturbative
facets of QCD at once, thus being an ideal platform to inves-
tigate hadron properties.

That being said, let us start by recalling the DSE for the
quark propagator:

S−1(p) = Z2[S(0)(p)]−1 +

Λ∫

q

K(1)(q, p)S(q) ,

K(1)(q, p) =
4
3
Z1g

2Dµν(p− q)γµ ⊗ Γν(p, q) , (6)

where
Λ∫

q

=

Λ∫
d4q

(2π)4

stands for a Poincaré invariant regularized integration, withΛ
for the regularization scale. The rest of the pieces carry their
usual meanings (color and flavor indices have been omitted
for simplicity):

• Dµν is the gluon propagator andg is the Lagrangian
coupling constant.

• Γν the fully-dressed quark-gluon vertex (QGV) which,
in its full glory, is characterized by 12 Dirac struc-
tures [41–43] (some of them are explicitly connected
with dynamical mass generation in QCD).

• Z1,2 are the QGV and quark wave-function renormal-
ization constants, respectively.

Herein,S(0) denotes the bare quark propagator,

S(0)(p) = [iγ · p + mbm]−1 , (7)

wherembm is the Lagrangian bare mass. The fully-dressed
quark propagator is represented as

S(p) = Z(p2)(iγ · p + M(p2))−1 , (8)

in such a way that the non-perturbative effects of the strong
interactions are captured in the dressing functionsZ(p2) and
M(p2), in analogy with its bare counterpart. In fact, the mass
function, M(p2), is enhanced (a couple hundred MeVs) in
the infrarred region, as a consequence of dynamical chiral
symmetry breaking (DCSB) [1]. From all the functions ap-
pearing in Eq. (6), only the quark mass function is indepen-
dent of the renormalization pointζ.

The description of mesons is obtained from the Bethe-
Salpeter equation (BSE) [28,39]:

ΓH(p; P ) =

Λ∫

q

K(2)(q, p;P )χH(q; P ) , (9)

whose ingredients are defined as follows:

• ΓH corresponds to the Bethe-Salpeter amplitude
(BSA), H labeling the type of meson, while
χH(q; P ) = S(q+)ΓH(q; P )S(q−) denotes the BS
wavefunction (BSWF).

• P is the total momentum of the bound state;q+ :=
q + ηP andq− := q− (1− η)P , with η ∈ [0, 1] defin-
ing the relative momentum.
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The Dirac structure characterizing the BSA depends on the
meson’s quantum numbers. In particular, for a pseudoscalar
mesonP:

ΓP(q; P ) = γ5[iEP(q; P ) + γ · PFP(q; P )

+ γ · qGP(q; P ) + qµσµνPνHP(q;P )] , (10)

where that amplitude attached toγ5, EP(q;P ), is domi-
nant. Finally,K(2) corresponds to two particle irreducible
quark/antiquark scattering kernel, which expresses the inter-
actions between the quark and antiquark within the bound-
state. Both Eq. (6) and Eq. (9) require, in principle, the
knowledge of infinitely many QCD’s Green functions. A
truncation scheme must be then specified in order to arrive
at a tractable problem. Symmetry principles establish that,
in fact, K(1) andK(2) are connected via vector and axial-
vector Ward-Green-Takahashi identities (WGTIs) [44–46];
the vector WGTI entails electric charge conservation, while
the axial-vector one implies the appearance of pions (light
pseudoscalars) as the Goldstone bosons of DCSB [47].

Once a systematic truncation is chosen, the meson mass
and BSWF are obtained from solutions of Eqs. (6) and (9);
furthermore, the pseudoscalar meson leptonic decay constant
(fP) can be computed straightforwardly from the canonically
normalized BSWF as:

fPPP = trCDZ2

∫

q

γ5γµχP(q; P ) , (11)

where tr indicates the trace over color and Dirac indices. In
the next section we briefly explain some sensible truncations
for ground-state pseudoscalar mesons, employed in subse-
quent calculations.

2.1. Rainbow Ladder truncation

The simplest truncation that fullfils vector and axial-vector
WGTIs is defined by the kernel ({t, u, r, s} color indices):

[Krs
tu ]RL(q, p;P )=−4

3
Z2

2Deff
µν(p−q)[γµ]ts ⊗ [γν ]ru , (12)

which relate the 1-body and 2-body kernels as:

K(2)(q, p; P ) = KRL(q, p;P ) = −K(1)(q, p; P ) . (13)

This truncation is dubbed as the RL truncation [47]; a sensi-
ble and practical approach so long as we restrain ourselves to
ground-state pseudoscalar and vector mesons [26,29,30,48].
It is worth noticing that the gluon propagator has been pro-
moted to an effective one,g Dµν → Deff

µν , where:

Deff
µν(k) =

(
δµν − kµkν

k2

)
G(k2) . (14)

Herein,G(k2) captures all the missing information from the
rich structure ofΓν , lost after reducingΓν → γν . Typically,
we appeal to lattice QCD or phenomenological models to

provide a sound representation forG(k2) [49–51]. Through-
out this work, we shall employ the so called Qin-Chang (QC)
interaction [51]. Avoiding details, the QC model is defined
once the strength parameter,mG = (wD)1/3, is fixed to
produce the masses and decay constants of the ground-state
pseudoscalar mesons. Typical RL parameters aremG ∼ 0.8
GeV andw ∼ 0.5 GeV; herein, the later is varied within the
rangew ∈ (0.4, 0.6) to estimate model uncertainties.

2.2. Beyond RL: Anomaly kernel

In discussing theη − η′ states, it is convenient to work with
a flavor basis, such that the associated Bethe-Salpeter ampli-
tudes can be expressed as (l = u = d):

Γη,η′(k; P ) = diag(1, 1, 0)Γl
η,η′(k; P ) (15)

+ diag(0, 0,
√

2)Γs
η,η′(k; P ) . (16)

Following Refs. [46, 52], the effects of the non-Abelian
anomaly, not present inKRL alone, are introduced at the level
of the Bethe-Salpeter kernel (k = p− q):

[Krs
tu ]A(q, p; P ) = −GA(k2)(sin2 θξ[rγ5]rs[rγ5]tu

+
1
χ2

l

cos2 θξ[rγ5γ · P ]rs[rγ5γ · P ]tu) , (17)

where χl = Ml(0), and θξ controls the relative strength
between theγ5 and γ5γ · P terms; r =diag(1, 1, νR) and
νR = Ml(0)/Ms(0) = 0.57. The strength and momentum
dependence of the anomaly is controlled by

GA(k2) =
8π2

ω4
ξ

Dξ exp[−k2/ω2
ξ ] . (18)

Thus, the 2-body kernel for theη − η′ case becomes:

K(2)(q, p;P ) = KRL(q, p;P ) + KA(q, p; P ) . (19)

The new parameters,{Dξ, ωξ, cos2 θξ}, are fixed to provide
a fair description ofmη,η′ andf l,s

η,η′ [34,52].

2.3. Beyond RL: Meson cloud effects

The interaction of a photon with a quark, the quark-photon
vertex (QPV), is described by an inhomogeneous BSE:

Γf
µ(p; P ) = γµ +

Λ∫

q

K(2)(q, p; P )χf
µ(q;P ) , (20)

whereΓf
µ represents the QPV, the interaction of a photon with

af -flavor quark;χf
µ(q;P ) is simply the unamputated vertex,

which reads:

χf
µ(q; P ) = Sf (q+)Γf

µ(q; P )Sf (q−) . (21)

In the RL truncation, bound-states obtained from the ho-
mogeneous BSE, Eq. (9), appear as poles in the time-like
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axis. By corollary, solutions of Eq. (20) exhibit poles at
Q2 = −m2

n [53] (herein,mn corresponds to vector meson
masses, such thatm1 = mρ). This is an appreciated feature
for space-like form factors; in particular, charge radii are ob-
tained with better accuracy [53, 54]. In the case of theγ∗γ∗

TFFs, Eq. (20) also guarantees that the abelian anomaly is
faithfully reproduced [35,55]. This makes the RL truncation
of QCD’s DSE a sound treatment to estimate theP±-boxand
P0-pole contributions: only a relatively small space-like re-
gion of the corresponding form factors actually matters for
determining their contribution toaµ [34,36].

It is worth exploring, however, what information a proper
treatment of the time-like region could provide. The trun-
cation introduced in Refs. [56, 57], denoted herein as BRL,
takes into account resonance effects, thus shifting the vector-
meson poles to the complex plane; subsequently, meson
cloud effects (MCEs) are incorporated in the description of
the pion EFFi. These explorations have been adapted in [33]
to compute theπ − K EFFs and corresponding box con-
tributions; in this case, the QC interaction model demands
mG ∼ 0.84 andω ∈ (0.6, 0.8) GeV to accurately produce
mπ, K andfπ, K .

3. Electromagnetic form factors

Let us now focus on the calculation of the electromagnetic
elastic and transition form factors,γ∗P± → P± andγ∗γ∗ →
P0, respectively.

3.1. Elastic form factors

The electromagnetic processγ∗P± → P± is described by a
single form factor,FP±(Q2). In the impulse approximation,
which corresponds to a triangle diagram and is self consistent
with the RL truncation [54],FP±(Q2) is obtained from [30]:

2KµFP±(Q2) = eu[Fu
P±(Q2)]µ + eh̄[F h̄

P±(Q2)]µ , (22)

whereP± is auh̄ meson andeu,h̄ are the electric charges of
the quark and antiquark, respectively.[F f

P±(Q2)]µ denotes
the interaction of the photon with a valence constituentf -in-
P±, such that:

[F f
P±(Q2)]µ = trCD

∫

q

χf
µ(q + pf , q + pi)

× ΓP±(qi; pi)S(q)ΓP±(qf ;−pf ) . (23)

The kinematics is defined as follows:pi,f = K ∓ Q/2 and
qi,f = q + pi,f/2, such thatp2

i,f = −m2
P± ; naturally,mP±

is the mass of the pseudoscalar meson andQ the photon mo-
mentum. Beyond RL, Eq. (23) might be supplemented by
additional terms [54], and so is the case of the BRL trunca-
tion. Thus, in principle, all the necessary ingredients for the
computation ofFP±(Q2) have been gathered.

For future references, and having made use of Eq. (20) to
define the QPV, we will name this approach thedirect compu-
tation. This usual procedure was employed in Refs. [35, 36]
for the calculation ofπ−K EFFs and corresponding box con-
tributions, albeit in the RL truncation with the Maris-Tandy
(MT) model [62].

3.2. Transition form factors

The transitionγ∗γ∗ → P0 is also described by a single form
factor, GP0(Q2

1, Q
2
2, Q1 · Q2). In the impulse approxima-

tion [29]:

Tµν(Q1, Q2) = Tµν(Q1, Q2) + Tνµ(Q2, Q1) , (24)

Tµν(Q1, Q2) =
1

4π2
εµναβQ1αQ2βGP0(Q2

1, Q
2
2, Q1 ·Q2)

= e2
P0 trCD

∫

q

iχf
µ(q, q1)ΓP0(q1, q2)

× Sf (q2)iΓf
ν (q2, q) , (25)

whereQ1, Q2 are photon momenta, and the kinematics is set
by: (Q1 + Q2)2 = P 2 = −m2

P0 , q1 = q + Q1, q2 = q−Q2;
finally, eP0 is a factor associated with the electric charges of
the valence quark/antiquarkii. As for the EFFs, the calcu-
lation of TFFs requires the knowledge of the quark propa-
gators, BSAs and QPV. This exhibits how, within the DSE
formalism, hadronic observables maintain a traceable con-
nection with QCD’s fundamental ingredients.

A direct computation can be performed at this stage. Nev-
ertheless, technical reasons restrict the evaluation of the form
factors to a limited domain of space-like momenta. For in-
stance, the pion elastic and single of shell TFFs can only be
obtained up toQ2 ∼ 4 GeV2 [54, 55], without appealing to
sophisticated mathematical techniques for extrapolation [63].
The domain in which a direct computation of the form fac-
tors is possible is sufficient to accurately estimate their cor-
responding contributions toaµ. However, we also present
an alternative technique, based upon perturbation theory in-
tegral representations (PTIRs) [29–31], to evaluate the form
factors at arbitrarily large momenta. Among other things,
this allows us to take into account the asymptotic behavior
of the form factors when proposing parametric representa-
tion for the numerical data, particularly relevant in the case
of TFFs [12,34,64].

3.3. The PTIR approach

A practical perturbation theory integral representation for the
quark propagators and BSAs was put forward in [30, 31], to
calculate the pion distribution amplitude and space-like EFF.
The general idea, which applies to all pseudoscalars [29, 52,
65], is to describe the quark propagators in terms ofjm = 2
complex conjugate poles (CCPs), and express the BSAs,
Aj(k; P ), as follows:

Supl. Rev. Mex. Fis.3 020709
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Aj(k;P ) =
in∑

i=1

1∫

−1

dwρj
i (w)

× cj
i (Λ2

i,j)
βj

i

(k2 + wk · P + Λ2
i,j)

αj
i

. (26)

The interpolation parameters{zj ,mj}, {αj
i , β

j
i , Λi,j , c

j
i , in =

3} (for quark propagators and BSAs, respectively), as well as
the spectral weights,ρj

i (w), are determined through fitting to
the numerical results of the corresponding DSE-BSEs. The
sets of parameters are found through Refs. [33,34,66].

Constructing a PTIR for the QPV in Eq. (20) turns out to
be difficult and unpractical [48]. Thus, appealing to gauge co-
variance properties [71], the following Ansatz has been pro-
posed and systematically tested [29,52,65]:

χµ(kf , ki) = γµ∆k2σV

+ [sγ · kfγµγ · ki + s̄γ · kiγµγ · kf ]∆σV

+ [s(γ · kfγµ + γµγ · ki)

+ s̄(γ · kiγµ + γµγ · kf )]i∆σS
, (27)

where ∆F = [F (k2
f ) − F (k2

i )]/(k2
f − k2

i ), s̄ = 1 − s.
Up to transverse pieces associated withs, χµ(kf , ki) and
S(kf )Γµ(kf , ki)S(ki) are equivalent. The transverse terms
are weighted by the functions(Q2

1, Q
2
2), which is exponen-

tially suppresed and tuned to reproduce the empirical decay
widths [34]; as a by-product, the effects of theρ-meson pole
in the low-Q2 domain are properly mimicked.

Defined as in Eq. (27) - flavor labels omitted on purpose,
the QPV is expressed in terms of the quark propagator dress-
ing functionsiii. With all the ingredients in Eqs. (22, 23, 25)
expressed in a PTIR, the evaluation of the 4-momentum inte-
gral follows after a series of standard algebraic steps (numeri-
cal integration is only carried out for the Feynman parameters
and spectral weights). Hence, the form factors can be calcu-
lated at arbitrarily large space-like momenta.

4. Numerical Results and HLbL contributions

4.1. Elastic and transition factors

The π and K EFFs are presented in Fig. 1. We compare
the RL results which follow from the direct computation and
PTIR approach; the compatibility between both calculations
is evident. In the depicted domain, the BRL truncation yields
similar outcomes. Furthermore, our obtained EFFs are in
clear agreement with the DSE results reported in Ref. [36].
TFFs are presented in Fig. 2, in the single off-shell case. The
agreement of those form factors with the available experi-
mental data is clear. Notably, the PTIR approach enabled us
to calculate theηc andηb TFFs without facing new obstacles.

FIGURE 1. π+ andK+ EFFs. The band in the RL-direct result ac-
counts for the variation of the QC model parameters, as described
in text; those corresponding to the PTIR and BRL results are not
shown, since there is a considerable overlap. The charge radii,
rπ = 0.676(5) fm andrK = 0.595(5) fm are practically insen-
sitive to the model inputs and truncation. Experimental data from
Refs. [67–70].

FIGURE 2. Single off-shellγγ∗ → P0 TFFs and corresponding
charge radii [25]. Experimental data is taken from [16] and refer-
ences therein. The mass units are in GeV.

4.2. Charged pion and kaon pole contributions

To calculate theP±-box contributions, we employ the master
formula derived in [17], which reads:

Supl. Rev. Mex. Fis.3 020709
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αP−box
µ =

α3
em

432π2

∫

Ω

12∑

i

× Ti(Q1, Q2, τ)Π̄P−box
i (Q1, Q2, τ), (28)

whereαem is the QED coupling constant, and

∫

Ω

: =

∞∫

0

dΣ̃ Σ̃3

1∫

0

dr r
√

1− r2

2π∫

0

dφ . (29)

The functionsΠ̄P−box
i are expressed as:

Π̄P−box
i (Q2

1, Q
2
2, Q

2
3) = FP(Q2

1)FP(Q2
2)FP(Q2

3)

× 1
16π2

1∫

0

dx

1−x∫

0

dyIi(x, y) . (30)

The scalar functionsTi andIi are provided in Appendices B
and C of Ref. [17], respectively. With the EFFs obtained in
the RL truncation (direct and PTIR) and BRL, the numerical
estimates for theπ±−box contributions are:

aπ±−box
µ = −(15.4± 0.3)× 10−11 [RL-direct] ,

aπ±−box
µ = −(15.6± 0.3)× 10−11 [RL-PTIR] ,

aπ±−box
µ = −(15.7± 0.2)× 10−11 [BRL] . (31)

Analogous results for theK± case yield:

aK±−box
µ = −(0.47± 0.03)× 10−11[RL-direct],

aK±−box
µ = −(0.48± 0.03)× 10−11[RL-PTIR],

aK±−box
µ = −(0.48± 0.02)× 10−11[BRL] . (32)

From Fig. 1 and the above estimates, it is clear that the direct
and PTIR approach are plainly compatible; the BRL trunca-
tion also yields similar outcomes. Therefore, one can com-
bine the estimates in Eqs. (31)-(32) to produce the weighted
averages:

aπ±−box
µ = −(15.6± 0.2)× 10−11 , (33)

aK±−box
µ = −(0.48± 0.02)× 10−11 , (34)

where the errors reflect model and truncation uncertainties.

4.3. Pseudoscalar pole contributions

The master formula for theP0-pole contributions is found in
Refs. [15,64]. It is highly convenient to parameterize the nu-
merical results of the TFFs in a sensible way. For the light
pseudoscalars,{π0, η, η′}, a Canterbury approximants rep-
resentation turns out to be quite adequate [12]; with proper
care, it captures all the short- and long distance facets of

the TFFs [34]. Those form factors are then represented as
(x = Q2

1, y = Q2
2):

Glight
P (x, y) =

a00 + a10(x + y) + a01(xy)
1 + b10(x + y) + b01(xy) + b11(x + y)(xy)

,

where the independent parameters,bi,j , are fitted to the nu-
merical data (ai,j are fixed by the axial anomaly and short-
distance QCD constraints, properly captured by the actual
numerical solutions). The hardness of the{ηc, ηb} TFFs de-
mands a much simpler representation. All interpolation pa-
rameters are listed in [34]. Finally, the correspondingP0-pole
contributions are:

aπ0−pole
µ = (61.4± 0.21)× 10−11 , (35)

aη−pole
µ = (14.7± 0.19)× 10−11 , (36)

aη′−pole
µ = (13.6± 0.08)× 10−11 , (37)

aηc−pole
µ = (0.9± 0.1)× 10−11 , (38)

aηb−pole
µ = (0.26± 0.01)× 10−13 . (39)

Summing up the results from (39):

aP−pole
µ = (90.6± 4.9)× 10−11 , (40)

where the errors, accounting for model uncertainties (mostly
dominated by the QPV Ansatz), have been added linearly.

5. Conclusions and scope

We described the computation of the electromagnetic form
factorsγ∗P± → P± andγ∗γ∗ → P0, within the DSE ap-
proach to QCD, aiming to evaluate their contributions toaµ.

The EFFs were obtained, firstly, in the RL truncation. Di-
rect computations and the PTIR approach were shown to be
fully compatible, while also being in agreement with the DSE
results from Refs. [35, 36]. It was also confirmed that the
BRL truncation, which incorporates MCEsiv, produces simi-
lar EFFs in the relevant domain foraµ; the value of the latter
being barely affected by the new effects in the truncation. Our
most recent analysis, [33], supports these observations.

The validity of the PTIR approach is also manifested in
the case of theγ∗γ∗ → {π0, η, η′, ηc, ηb} TFFs, whose cal-
culation has been summarized herein and described in detail
through Refs. [29,34,52,65]. Our{π0, η , η′} computations
are fully compatible with those from [35, 63], even though
the dealing with the non-Abelian anomaly is vastly different.
Interestingly, our numerical results suggest a sizeable contri-
bution from theηc meson, which might be worth exploring in
the future.

In this manuscript we have briefly discussed the capabili-
ties of the DSE formalism to address calculations of hadronic
observables, highlighting some quantities of interest for the
muong − 2. We hope to continue developing calculations
related to the subject. For instance, following the remarks
from [13], the contribution from axial-vector mesons is worth
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exploring, even though it represents a major computational
challenge; on the other hand, estimating the contribution
from excited pseudoscalars is within reach.
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i. MCEs are also expected to play a major role in the descrip-
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composition of theη − η′ systems [52].

iii. The quark propagator is written asS(p) = −iγ · p σv(p2) +
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2), with σs,v(p2) being algebraically related toM(p2) and
Z(p2) in Eq. (8).

iv. The MCEs take place in the neighborhood ofQ2 ≈ 0 [58-61],
such that, for increasingQ2, BRL→ RL.
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